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SUMMARY. 


The serum cholesterol level of Australian aborigines has been shown to be significantly 
lower than that of Australian controls of European descent, living either in Adelaide or 
Alice Springs. 

The serum magnesium level of the Australian aborigine was greater than that of Euro- 
pean controls, living in or near Adelaide; but was less than that of the European controls 
living in the Alice Springs area. 

A relationship between the serum magnesium and cholesterol levels was not demon- 
strated by correlation coefficients. 

The reason for the difference between the cholesterol levels of Australian aborigines and 
Europeans is, of course, speculative, but could be assigned to a difference of dietary fat. 
Similarly the difference in magnesium levels existing between Europeans in Adelaide and 
all racial groups in Alice Springs could be assigned to zither a higher intake of magnesium 
or to climatic conditions such as dehydration. 


INTRODUCTION. 


There have been several reports suggesting that magnesium may play some 
réle in lipid metabolism (Krehl and Barboriak, 1958; Vitale, White et ai., 1957). 
Recently, Bersohn and Oelofse (1957) claimed a significant correlation between 
serum cholesterol and magnesium levels in the Bantu, while Malkiel-Shapiro 
et al. (1956) claimed clinical improvement in patients with coronary artery 
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disease with parentera! administration of magnesium. The latter workers sug- 
gested that the improvement was secondary to a magnesium lipid interaction. 
However, Brown et al. (1958), investigating the possibility of a magnesium 
lipid relationship in a group of clinically healthy American males and in a 
group with recent myocardial infarction, showed no correlation in either group 
between serum magnesium and cholesterol levels. More recently Anstall et al. 
(1959) have shown that magnesium can affect blood coagulation, delaying the 
peak of thrombin generation by some 4-6 minutes. It is possible that in this 
way magnesium deficiency may have some bearing on coronary thrombosis. 
In the present paper we report the serum magnesium and cholesterol levels in 
a group of nomadic tribal aborigines and in a group of urban detribalized 
aborigines. These are compared with the levels found in a similar study upon 
an Australian population of European descent; with and without ischaemic heart 
disease and living in widely dispersed geographical regions. 


MATERIALS AND METHODS. 


Five groups of healthy subjects and one group with ischaemic heart disease were in- 
vestigated in this study:— 

1. Group A consisted of twenty-four nomadic tribal full-blood Pintubis males living in 
the Western Desert of Central Australia. 

2. Group B consisted of thirty-three full-blooded aborigines of mixed tribal origin, 
age and sex who had been urbanized for at least five years and who had partially acquired 
the dietary and living habits of white Australians living in the Alice Springs area. 

3. Group C consisted of thirty-four healthy adult males of European descent (mean 
age of 37); livieg in or near Adelaide — about 1,000 miles south of Alice Springs; who had 
neither clinical nor electrocardiographic evidence of myocardial ischaemia nor evidence of 
any other diseases known to affect the serum cholesterol levels. 

4. Group D consisted of twenty-four males of European descent (mean age of 57) 
living in or near Adelaide with both clinical and electrocardiographic evidence of myocardial 
ischaemia. 

5. Group E consisted of twenty-six young healthy male medical students of European 
descent (mean age of 21) living in or near Adelaide. 

6. Group F consisted of twenty-two males of European descent (mean age of 39) who 
also had no clinical evidence of myocardial ischaemia or diseases known to affect the serum 
cholesterol levels, but were living in or near Alice Springs. 

Single venous blood samples were collected and the serum separated. The aboriginal 
sera were immediately refrigerated, packed in vacuum flasks and despatched by air to the 
laboratory, where they were deep frozen prior to assay. 

Because of the difficulties involved in collecting urine samples from these primitive 
people, and the need for constant vigilance on the part of the investigators, it was only 
possible to collect urine over a one-hour period. This was achieved whilst the subjects were 
resting — usually sitting down, or performing very light activity. 

The collection periods were in the morning and about three hours after a meal. 

These samples were refrigerated prior to assay. 

Urine specimens from a group of healthy young males living in Adelaide were collected 
hourly, throughout the day (after an overnight fast) but only that specimen which approxi- 
mated to the conditions of collection of the aborigine samples was considered here. These 
samples were acidified with hydrochloric acid and preserved in the normal manner. 
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The diet and age of the aborigines was assessed in a previous study and has been 
reported in other communications (Schwartz et al., 1957, 1958a, 1958b). 

Total serum cholesterol was determined by the method of Zlatkis et al. (1953). Serum 
and urine magnesium were estimated by the titan yellow method of Orange and Rhein (1951). 


RESULTS. 


Serum magnesium levels. 


As the emphasis of this investigation is on serum magnesium levels the 
various groups were first considered in relation to this ion. 

(i) There were no significant differences between the mean serum magne- 
sium level of the nomadic tribal aborigine group A (1-94 mg. p.c., S.E. -070) 
and either the urbanized male group B (i) (2-14 mg. p.c., S.E. -064) or urban- 
ized female group B (ii) (2-08 mg. p.c., S.E. -081). Therefore, these groups 
were combined as group 1 (mean serum magnesium 2-05 mg. p.c., S.E. -043). 

(ii) No significant difference could be found between the mean serum 
magnesium level of the European age control group (C) living in Adelaide 
(1-59 mg. p.c., S.E. -081) and that European group (D) with ischaemic heart 
disease living in Adelaide (1-58 mg. p.c., S.E. -099). Therefore, these groups 
were combined as group 2 (mean serum magnesium 1-59 mg. p.c., S.E. -062). 

(iii) There were very significant differences (P < -001) when the mean 
serum magnesium level of the combined aborigine group 1 was compared with 
that of the combined European group 2. 

(iv) The mean serum magnesium level of the young European control 
group (E) living in Adelaide (1-39 mg. p.c., S.E. -070) was just significantly 
less than that of the combined European group 2 living in Adelaide (P < -05). 

(v) However, the mean serum magnesium level of the European control 
group F (2-29 mg. p.c., S.E. -060) who were living in or near Alice Springs, was 
the highest of any group studied here, and was significantly greater (P < -001) 
than any of the European groups (C, D or E) living in or near Adelaide. 

Furthermore, it was also significantly greater (P< -01) than the mean 
serum magnesium level of the combined aborigine group 1. 


Serum cholesterol levels. 


(i) It is apparent that the mean serum cholesterol level (212 mg. p.c., S.E. 
4-39) of the nomadic tribal Pintubis (Group A) is somewhat lower than that 
of the mean serum cholesterol levels of either the detribalized male aborigines 
(234 mg. p.c., S.E. 7-62) or the detribalized female aborigines (231 mg. p.c., 
S.E. 9-74). These differences were not considered sufficient to warrant separate 
treatment, thus they were again combined (as with the serum magnesium data) 
as Group 1 (mean serum cholesterol level 224 mg. p.c., S.E. 4-14). 

(ii) The mean serum cholesterol level of the European age control group 
C living in Adelaide was 286 mg. p.c., S.E. 9-93 and this did not differ signi- 
ficantly from that of group D (281 mg. p.c., S.E. 12-1), ie. those Europeans 
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living in Adelaide but having ischaemic heart disease. As with the magnesium 
data these groups were combined (Group 2) — mean serum cholesterol level of 
284 mg. p.c., S.E. 7-61. 

(iii) When the mean serum cholesterol level of the combined aborigine 
Group 1 was compared with that of the combined European Group 2 there was 
a very significant difference (P < -001) — as was the case with the serum mag- 
nesium levels. 

(iv) The mean serum cholesterol level of the young European control 
group (E) was 253 mg. p.c., S.E. 7-34 and this was significantly less (P < -01) 
than either the combined aborigine Group 1 or combined European Group 2. 
Also, the variance within this group was less than within the combined European 
Group 2. 

(v) The mean serum cholesterol level of the European control group (F) 
living in or near Alice Springs was (similarly to the serum magnesium level) 
the highest found in any of the groups examined here (314 mg. p.c., S.E. 13-5). 
Unlike the serum magnesium level this was not significantly different from that 
of the combined European Group 2. However, it was very significantly different 
(P < -001) from that of the combined aborigine Group 1. 


Serum magnesium-cholesterol relationships. 


Correlation coefficients were calculated between serum magnesium and 
serum cholesterol levels for all these groups. There were no significant differ- 
ences from zero; and the only significant difference when these were compared 
with each other, was between the European control group (F) living near Alice 
Springs, and that of the combined aborigine Group 1, living in the same area 
(P< -05). 

All the Europeans living in or near Adelaide (Groups C, D and E) were 
combined, as were the aborigine groups. This was done allowing for the effect 
of differences between means. Again there were no significant differences 
between the two ethnic groups, nor from zero. 

Further, a significant difference from zero could not be demonstrated when 
all the individuals were considered together. 

Table 1 shows these results in detail. 


Urinary magnesium. 

During this investigation it has been possible to determine the urinary 
magnesium excretion rates of another mixed group (tribe, sex and age) of 
twenty-eight full-blood Australian aborigines — including fourteen male Pintubis 
who were donors in the serum estimations. There were no apparent differ- 
ences between any of the small subgroups herein, and therefore they were con- 
sidered together. 

The mean value for this group was 44-1 pg. Mg/min. (S.E. 4-125 yg. 
Mg/min. ). 

As a comparison, the urinary excretion rate of magnesium has been calcu- 
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lated on a group of fifty-seven healthy young white males of European descent 

living in Adelaide; not the same group used for the serum estimations. The 

mean value of this group was 71-5 wg. Mg/min. (S.E. 3-787 png. Mg/min. ). 
Table 2 shows these results in detail. 
































TABLE 2. 
Urinary magnesium excretion rates in pg. Mg./minute in aborigines and Europeans. 
No. | | | 
in 
Group Croup | Sex |Mean mg. vg-/min.| Standard error 
Pintubis | 14 | M 42-8 6-13 
Aranda 8 | M&F 42-8 6-63 
Mixed tribal origin 6 | M&F | 48-8 11-5 
Combined aborigine | 28 M&F | 44-14 4-21 
Young European controls* + oF | «9 YT 71-5 3-79 
] ' 
* Not the same group as the young European control group used as serum donors. 


M=male. F =female. 


Statistical analysis of the urine data for variance within the aborigine groups 
showed no significant differences; however, the application of the “t” test de- 
monstrated that there is a highly significant difference (P < -001) between the 
mean excretion rate of the combined aborigine group and the young European 
controls, all of whom were living in Adelaide. 


DISCUSSION. 


It has been shown in a prior communication (Schwartz, 1958b) that the 
mean serum cholesterol level of a group of Australian aborigines is significantly 
lower (P< -001) than the mean level for controls of European descent, and 
this has been confirmed here using a larger age control series, and another group 
living in the same geographical area as the aborigine groups. It is considered 
that the lower serum cholesterol level in the primitive Australian aborigine is 
probably due to the low dietary intake of animal fats by this group (Schwartz, 
1958b). The significance of the higher mean serum cholesterol level in the Euro- 
peans living in Alice Springs, than any other European groups living in Ade- 
laide, is again probably dietary, but other factors are not excluded by these data. 
These findings are essentially similar to those of Scott et al. (1958) who found 
in their investigations of serum cholesterol levels in a large group of Eskimo 
men, that considerable variation occurred, and this was mainly dependent on 
geographical location. Brown and co-workers (1958) could find no significant 
differences between the serum magnesium levels in normal individuals and 
those with myocardial infarction. The results obtained here are in agreement 
with this finding. 

However, there were significant differences (P < -001) between the mean 
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serum magnesium levels of the combined aborigine groups and those of a white 
Australian population of varying age, with and without ischaemic heart disease 
all of whom were living in or near Adelaide. 

This difference was also apparent (P < -001) when the mean serum magne- 
sium level of a group of white Australians living in the Alice Springs area was 
compared to that of those white Australians living in Adelaide, about 1,000 miles 
to the south of Alice Springs. 

From their results, Brown et al. did not discount the réle of magnesium 
in ischaemic heart disease as they state that serum magnesium levels may not 
reflect the “balance state” and cite the report of Fitzgerald and Fourman (1957) 
that persons maintained on a low magnesium diet maintain normal serum mag- 
nesivum levels, i.e. negative magnesium balance can exist at least temporarily 
in the presence of normal serum magnesium levels. Urinary magnesium ex- 
cretion was not measured in the investigation of Brown et al. 

Although we have not been able to perform a controlled balance study on 
any of the groups examined here, it was possible to gather some limited data 
on urinary magnesium excretion rates of a group of aborigines and to compare 
this with that obtained from a group of white male Europeans living in Adelaide. 

From the results of this comparison it can be said that whilst the Aus- 
tralian aborigine has a higher serum level of magnesium than the white popu- 
lation living in Adelaide, apparently they also have a lower excretion rate of 
magnesium than that of the white Australians examined here. Possibly this is 
due to climatic conditions leading to relative dehydration, or to dietary intake 
or both. 

Dadswell (1934) has reported a greater dietary intake of magnesium by 
the Australian aborigine than the white Australian population and considers 
this due to the dirt adhering to food prepared under native conditions, and to 
the much higher concentration in the plants eaten by the aborigines. This view 
is hard to reconcile with our finding of a higher mean serum magnesium level in 
Europeans living in the same area as the aborigines. 

Correlation coefficients were calculated between the serum magnesium and 
cholesterol levels in these groups and it was found that the coefficient of the 
combined aborigine group (— -174) was not significantly different from any 
of the white controls (see Table 1), nor were these groups significantly different 
from zero. Therefore, in this study and in another using white Australians only 
(Charnock, 1959) we have been unable to demonstrate any correlation between 
the serum levels of magnesium and cholesterol. These findings are in agreement 
with those of Brown et al. (1958), but contrast with those of Bersohn et al. 
(1957) who used a technique for statistical analysis which ignored individual 
values, and considered only the means. Here correlation coefficients were cal- 
culated for each group, then combined, thus removing the effects of differences 
in the means. Hence, only the effects of interaction between magnesium and 
cholesterol were observed. 
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However, Vitale, White et al. (1957) have produced hypomagnesaemia in 
rats fed on a high cholesterol diet and the investigation of Krehl and Barboriak 
(1958) with magnesium deficient rats indicates that some relationship exists 
between magnesium and lipid metabolism. 

From in vitro observations (Perry, 1956) it is known that magnesium is 
a vital co-factor in the maintenance of efficient energy production at the cellular 
level, ie. in oxidative phosphorylation. Vitale, Nakamura et al. (1957) have 
demonstrated an “uncoupling” of oxidative phosphorylation in heart muscle mito- 
chondria by a magnesium deficiency and it is clearly established that the enzymes 
required for fatty acid oxidation are localized in the mitochondria of adult 
mammals (Kennedy and Lehninger, 1948, 1949; Schneider, 1948). 

Because of these observations it may be that magnesium and cholesterol 
whilst not directly related to each other, are related to one or more other factors 
involved in fatty acid metabolism which could influence them both. Our own 
observations do not support any obvious relationship under the conditions of 
this investigation. 
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for his permission to use this material, and to Dr. O. Budtz-Olsen of Queensland for his help 
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THE HAEMATOLOGY OF THE CENTRAL 
AUSTRALIAN ABORIGINE! 


II. LYMPHOCYTE AND NEUTROPHIL HAEMOGRAMS, WITH 
EUROPEAN CONTROLS 


by J. R. CASLEY-SMITH 
(From the Department of Anatomy, University of Adelaide). 


(Accepted for publication 24th September, 1959.) 


SUMMARY. 


Blood films of 30 aborigines and 30 Europeans were studied to obtain neutrophil and 
lymphocyte haemograms. 

The aborigines had an increased proportion of young cells in both cases. 

It was held that these results show that the observed leukocytosis is due to increased 
cell production. This may be due to the greater, long continued “stress” of the aborigines’ 
environment. 


INTRODUCTION. 


The previous papers of this series have dealt with the haemoglobin, red 
cell constants, white and differential counts of some central Australian aborigines. 
Variation with stages of civilization has also been observed. In part II (Casley- 
Smith, 1959) it was found that the aborigines had a significant lymphocytosis — 
perhaps due to increased ultra-violet irradiation or climatic differences. Also 
a non-significant increase in polymorpho-neutrophils was noted. Because of the 
unavoidable difficulties of field work the accuracy of counting was not great 
enough to make this difference significant. However, judging by studies by 
other workers on similar native people (Breinl and Priestley, 1917; Kennedy and 
MacKay, 1935), it may well be so. Also Maegraith (1938) found a relative 
increase in young neutrophils in aborigines’ blood. 

To discover whether the lymphocytosis was due to decreased break down 
of cells or to the, more likely, increased production of them, the lymphocyte 
haemograms have been studied. This technique was originated by Wiseman 
(1931) and elaborated by Reich and Reich (1933). So far as I am aware, it has 





1 The data upon which this work is based were collected during an Anthropological 
Expedition of the University of Adelaide. This was financed by a grant from the Wenner- 
Gren Foundation for Anthropological Research, New York, and the Medical Research Fund 
of the University of Adelaide. 
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not been used since. It is hoped that this paper will help restore interest in 
this useful technique. For additional information and to check Maegraith’s 
findings, neutrophil haemograms were also done. 


MATERIALS AND METHODs. 


The aborigines were a group of natives living under semi-detribalized conditions at Haast’s 
Bluff Settlement (160 miles west of Alice Springs). Thirty blood films were chosen at 
random from the 102 reported on previously. The sexes were mixed as there were no 
sex differences in the relative or absolute lymphocyte counts. A random European control 
series of 30 was chosen similarly from the 138 films obtained at the Red Cross Blood Taking 
Centre, Adelaide. The total groups had been matched for age and sex. 

Films were stained by Leishman’s method. While Reich and Reich (1933) recom- 
mended counting 200 lymphocytes it was found that 25 cells were quite sufficient to give 
significant results as 30 films were being examined from each group. The lymphocytes were 
graded as young, mature, or old using the most reliable of the criteria of Wiseman (1931). 
There were:— 

“young” — granular, deep blue cytoplasm; 

“mature” — sky blue cytoplasm; 

“old” —very pale blue to pink cytoplasm. 
In addition, the nature of the chromatin, “clumped” if young to granular if old, was also 
a help. The polymorphs were graded into juvenile, “staff”, two, three, four and five-lobed 
forms. Again counting 25 cells in each film gave sufficiently significant results. The same 
30 films from each group were used. 


RESULTS. 


The results are summarised in Table 1. The tests of significance are all 
“t-tests” unless differences between the variances showed that Behrens’ test is 
necessary. Throughout the paper the following abbreviations are used to show 
significances :— 

N.S. means -05 <P 

X means ‘01 <P< -05 

XX means -001<P<-0l 

XXX means P< -001 
Lymphocytes. 

The aborigines had a very significant (XXX) excess of young forms — 11-1 
p.c. as against 3-6 p.c. The mature forms were not significantly different be- 
tween the two groups (51-5 p.c., 48-1 p.c. respectively). Finally, the aborigines 
had very significantly (XXX) fewer old forms than had the European group 
(36-3 p.c. and 48-3 p.c.). The ratio of aborigine/European (3-09, 1-07, -772) 
shows the relative importance of each class of cell in producing the different 
picture (Table 1). 

Neutrophils. 
Again, immature cells predominated in the aborigines, more mature forms 


in the Europeans. Juvenile cells were 3-5 p.c. and 0-4 p.c. in aborigines and 
Europeans respectively (XXX); “staff” forms 20-3 p.c. and 11-2 p.c. (XXX); 
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two-lobed 37-6 p.c. and 32-4 p.c. (N.S.); three-lobed 29-1 p.c. and 39-0 p.c. 
(XX); four-lobed 7-7 p.c. and 13-8 p.c. (XX); five-lobed 1-9 p.c. and 3-2 p.c. 
(N.S.). As the distributions for juvenile, “staff” and five-lobed cells were mark- 
edly skewed, it was thought advisable to check the results using X?-tests on the 
total number of cells counted over the 30 films in each class. These re-established 
the very significant difference (XXX) for the juvenile and “staff’ forms, and 
also gave just significant differences (X) for the two-lobed and the five-lobed 
classes. Again the aborigine/European ratios give some indication of the re- 
lative importance of each class in the overall differences between ethnic groups 
(Table 1). 


DISCUSSION. 


In Part II of this series the frequent finding of raised leukocyte and lympho- 
cyte count in native peoples living under exposed conditions has been men- 
tioned. The lymphocytosis found in aborigines has been tentatively ascribed 
to the action of altitude, increased exposure to ultra-violet radiation and exer- 
tion. It was also noted that both a lymphocytosis and a “stress” pattern of 
plasma proteins — as found in the aborigine — are found in peoples exposed to 
a strenuous environment. I use the word “environment” in its widest sense 
to include all external influences acting on an individual. 

Like the lymphocytes, the polymorph count was also increased but not 
significantly so. Yet it is likely that the observed neutrophilia is real, as it is also 
found in other similar peoples. This also could be due to environmental stress 
in general and mild chronic infection in particular. 

The finding of increased numbers of young cells in both of these series 
would seem to indicate increased cell production, rather than decreased cell 
destruction, as the cause of the increased numbers in the peripheral blood. This 
has not been shown before for lymphocytes — though, of course, it was a priori 
very likely. Wintrobe (1956) says that leukocytosis due to infection may be 
distinguished from that due to emotion, exertion, exposure, etc., by the absence 
of a preponderance of young forms in these cases. However, it would seem 
that with long exposure, as in the aborigines, a stimulation of haemopoietic 
tissue would occur. If this had only been found in the neutrophils, the increase 
might have been ascribed solely to mild infections. The increase in young cells 
in the lymphocyte series renders this explanation unlikely. It would seem that 
exposure, etc., causes a real increase in cell production quite apart from the 
well-known temporary leukocytosis due to a redistribution of the cells already 
present in the blood. 

A further point that arises from this study is the confirmation of the Euro- 
pean Y-M-O ratios for lymphocytes found by previous workers. The ratio here 
was 4-48-48 as compared with 5-49-46 found by Wiseman (1931) and the 5-50-45 
of Reich and Reich (1933). The neutrophil ratio for Europeans was also similar 


~Vv 














ABORIGINAL HAEMATOLOGY. III. 521 


to that found by other observers, and Maegraith’s aboriginal findings were very 
like those found in this group of natives. 
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SUMMARY. 


An exceptionally stable and sensitive method for serum cholesterol determination is 
described. A source of error in determination of serum cholesteryl esters without saponification 
is described and this is related to accuracy of estimates obtained for cholesteryl esters isolated 
on silicic acid. 


INTRODUCTION. 


Cholesterol is usually determined by the Liebermann-Burchard reaction. A 
large number of modifications of the reaction have been reported by workers 
attempting to overcome the low sensitivity and the poor colour stability asso- 
ciated with it. These modifications have been reviewed by Zak and Ressler 
(1955). Other colour reactions have been used and the writer recently studied 
a number of methods for cholesterol determination based on them. When using 
the method of Trinder (1952) it was found that substitution of sulphuric acid 
with traces of perchloric acid resulted in an exceptionally sensitive colour re- 
action for cholesterol. Seventy-two per cent. perchloric acid is a less active 
oxidising agent at room temperature than sulphuric acid but it is a dehydrating 
agent and more active oxidising agent at higher temperatures (Frederick-Smith, 
1953). Consequently, it was expected that a given rate of oxidation of 
cholesterol would require a higher temperature when perchloric acid was used 
and that the coloured product would be more stable at room temperatures. 
Under the conditions reported in this paper this proved to be the case and the 
method incorporating the rzaction develops the most sensitive and stable colour 
of any method for cholesterol determination. 


MATERIALS AND METHODS. 


Perchloric acid 72 p.c. Baker’s AR. The following BDH reagents were distilled: Acetyl— 
and propionyl chloride LR: Hexane LR, b.p. 60°-80° C.: Pentane AR, free of aromatics, 
boiling below 40° C. Ethyl ether, Woolwich Elliott for anaesthesia, dried over anhydrous 
magnesium sulphate and calcium chloride before distillation. 

Ethanol absolute CSR. Two litres were stood with 10 gm. m-phenylenediamine hydro- 
chloride for one week, filtered, distilled twice and stored in the dark. 2-5 p.c. ethanolic 
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alkali. Prepare a 50 p.c. (w/v) solution of potassium hydroxide pellets (BDH AR) in water. 
Make 3 ml. of this solution up to 50 ml. with purified ethanol. 

Ethylene dichloride BDH LR. Two litres were stood for 24 hours over a mixture of 1 
gm. of potassium hydroxide and 1 gm. of potassium permanganate ground together in a 
mortar before use. After distillation through a pear and bulb column the solvent was washed 
with water and dried successively with sodium sulphate and phosphorus pentoxide. Ethylene 
dichloride distilling between 82°-84° C. was collected. For routine purposes the water 
wash may be omitted though this was not done in the work reported in this paper. When 
the specified grade was unavailable, 1 litre quantities of the commercial grade solvent were 
shaken in a mechanical shaker with successive 200 ml. quantities of sulphuric acid CP until 
the acid was not discoloured by the procedure. The ethylene dichloride was separated, 
washed with water, separated and purification continued as for the BDH LR reagent. 
Caution: Ethylene dichloride is toxic and all pipetting should be done with a “pumpett” 
(Shandon Co., London) or a similar device. 

Cholesterol BDH LR was recrystallized four times from ethanol, dissolved in hexane, 
filtered through sintered glass and dried in vacuo over phosphorus pentoxide. Cholesteryl 
acetate, -stearate, -oleate, BDH LR. Cholesteryl linoleate, Hormel Foundation, University of 
Minnesota. The unsaturated esters were purified on silicic acid before use. Serum Choles- 
teryl esters. Serum lipids containing ca. 2 mg. of cholesteryl esters were isolated by the cold 
extraction technique of Boyd (1936). Solvents were removed in vacuo and the residue dis- 
solved in pentane and dried over sodium sulphate before purification on silicic acid. Choles- 
teryl digitonide. Prepared by standard precipitation techniques, washed with 60 p.c. ethanol 
followed by acetone (BDH AR) and dissolved in methanol (BDH AR). 

Silicic acid chromatography. Nitrogen was passed for 24 hours through a 6 X 1 cm. 
column (ca. 7 gm.) of silicic acid (Mallinkrodt AR, 100 mesh without celite admixture) at 
120° C. Final traces of adsorbed oxygen were removed by the procedure of Lovern (1956) 
using 0-2 gm. of sunflower oil instead of linoleic acid: the methanol (BDH AR) and acetone 
(BDH AR) subsequently used to wash the column were dried by magnesium iodide and 
calcium sulphate respectively. The column was occasionally reheated at 120° C. for 5 hours 
in a stream of dry nitrogen, and stored in hexane when not in use. Elution was carried 
out by the method of Fillerup and Mead (1953) with flow rate adjusted by nitrogen gas. 

Reaction vessels. Saponification and colour development were carried out in 1 in. X 
5 in. pyrex tubes with ground glass stoppers. These tubes were suitable for centrifugation 
at 3,000 r.p.m. In the ultra-micro procedure 0-5 in. X 5 in. tubes were used. 

Nitrogen manifold. Solvents were blown off with industrial dry nitrogen. 

Spectrophotometry. Beckman model DU. The wavelength scale was calibrated against 
the hydrogen lamp line at 656 mp. The acid chlorides used in the method were volatile 
and corrosive and stoppered curvettes (Hellma, Germany) were essential. 


DETERMINATION OF CHOLESTEROL IN HUMAN SERUM. 

Preparation of the non-saponifiable extract containing cholesterol. Micro-technique. 
Run 0-25 ml. of serum into the reaction vessels specified, followed by 5 ml. of 2-5 p.c. 
alcoholic potash. If plasma is used, observe the appropriate precautions (Sperry and 
Schoenheimer, 1935). Saponify at 65° C. for 60 minutes. Add 10 ml. of hexane to the 
cold hydrolysate followed by 5 ml. of water. Insert a wet stopper and shake well for 30 
seconds. Centrifuge at 3,000 r.p.m. for 10 minutes. Transfer 1 ml. aliquots of the hexane 
solution to clean reaction vessels and blow off the hexane, preferably with nitrogen. Measure 
the cholesterol as described below. 

Cholesterol standard. Prepare a 10 mg. p.c. (w/v) solution of anhydrous cholesterol 
in ethanol with an accuracy of 3 significant figures. Run 5 ml. of this standard into 3, 0-3 
ml. lots of the 50 p.c. (w/v) aqueous solution of potassium hydroxide pellets and incubate 














._— 








SERUM CHOLESTEROL DETERMINATION 525 


at 65° C. along with the serum samples being saponified. The performance of the method 
is sufficiently consistent to permit transfer of the standard absorbancies to a calibration 


curve to be used in lieu of determination of standards with every set of serum analyses, 
should the analyst prefer this approach. 


Oxidation of cholesterol. 


Add 0-05 ml. of 72 p.c. perchloric acid to 10 ml. of acetyl chloride in a 50 ml. volu- 
metric flask. Make up to volume with ethylene dichloride, add 5 ml. of the reagent to the 
reaction vessels containing cholesterol. Insert ground glass stoppers, place the vessels in a 
water bath at 50° C., leave for 15 minutes, and then cool in a water bath at room tem- 
perature. A reagent blank is incubated in the same manner. The absorbance is read at 
523 mp in 1 cm., stoppered curveiies. Propionyl chloride may be substituted for acetyl 
chloride in which case the colour is developed at 55° C. for 25 minutes and the absorbance 
is read at 526 mp. 

An absorbance of 1-0 is given by 0-15 mg. of cholesterol. Total serum cholesterol 

20.S.K 





(mg. p.c.) = 


where S = serum cholesterol absorbance. 
C = absorbance of internal standard. 
K = concentration of cholesterol in mg./100 ml. of 
standard solution used. 


Ultra-micro technique. This exploits more completely the sensitivity of the colorimetric 
reaction described above. 

Run 0-02 ml. of serum into the smaller reaction vessels, minimizing pipetting errors in 
the following manner. Use E-Mil constriction pipettes calibrated to contain rather than 
deliver (Elliotts, England). Wash out the residual serum in the pipette into the reaction 
vessel with 3 rinsings of normal saline. Draw ethanol, ether and air through the pipette to 
dry it before further use. Run 2 ml. of 2-5 p.c. alcoholic potash into the serum and saponify 
at 65° C. for 60 minutes. To the cold hydrolysate add successively 5 ml. of hexane and 3 
ml. of water, and extract as described in the micro procedure. Take 4 ml. of the hexane 
extract for cholesterol determination. 

A convenient standard with suitable surface tension for use in the constriction pipettes 
is 200 mg. p.c. (w/v) of cholesterol in glacial acetic acid. Deliver 0-02 ml. of this solution 
into 2 ml. of alcoholic alkali with the pipette used to deliver the serum sample. Complete 
delivery by rinsing out the residual cholesterol into the alcoholic alkali with ethanol. Clean 
and dry pipette before further use as described above. Precise calibration of the pipette is 
then unnecessary as systematic errors cancel out between standard and unknown deliveries 


and the concentration of total serum cholesterol is given by the formula = using the symbols 
already described. 


STANDARDIZATION OF THE METHOop.! 
Period of colour development. 
Maximum colour development occurred within 15 minutes at 50° C. when acetyl chloride 
was used or 25 minutes at 55° C. when propionyl chloride was used. The time required 


for maximum colour development increased considerably with decrease in temperature 
(Fig. 1). 





1 Headings with an asterisk indicate that the two acid chlorides were shown by statistical 
analysis of data to behave similarly and the two sets of data were pooled before presentation 
under the heading. 
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Absorbance and reagent stability.* 


After the development of the colour, its 
intensity remained constant (to within about 
+0-5 p.c.) for a week at 0° C., for 24 
hours at 15° C., and for 2 hours at 37° C. 
Consequently, stability varied greatly with 
seasonal variation in room temperature and 
the coloured solution should be kept in a 
refrigerator if not measured within two 
hours of colour development. The condi- 
tions specified for colour development, in- 
cluding reagent purity, were critical for 
achieving this order. of colour stability. The 
data were verified with cholesterol, its 
stearate ester and serum cholesterol esters. 

The reagent mixture could be kept for 
one month at 0° C. without loss in capacity 
to develop colour with cholesterol. How- 
ever, the colour developed was less stable 
than when freshly prepared-reagent mix- 
tures were used. 

Sensitivity of the method. 

Only several per cent. variation in maxi- 
mum absorbance occurred when the colour 
was developed at the recommended times, 
at 37° C. and at 20° C. The method was 
more sensitive than other procedures for 
cholesterol determination (Table 1). 
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cholesterol A 

cholesteryl stearate 1 

acetyl chloride reagent - ------- 
propionyl chloride reagent 


Development of colour with absorbance and 
time of colour development are shown usin 
the propionyl chloride reagent at 55° C. an 
70° C. Inset: Acetyl chloride and propionyl 
chloride reagent mixtures at 37° C. 





Beer’s Law. 


The colour developed by the method applied to cholesterol obeyed Beer’s Law when 
a Beckman model DU, Uvispeck or Spectronic-20 spectrophotometer was used to measure 
it. The data did not follow this relationship when a Hilger H.810 absorptiometer was used.” 

Though cholesteryl digitonide was not freely soluble in the reagents used, the colour 
developed using the propionyl chloride reagent mixture obeyed Beer’s Law (Beckman model 
DU), with an intercept on the absorbance axis at —0-01 units, wavelength of maximum 
absorption (mp max.), 526 muy. 


Perchloric acid concentration. 


The optimum concentration of 72 p.c. perchloric acid for maximum colour development 
(E max.) extended from 0-06 p.c. to 0-10 p.c. (v/v) when acetyl chloride was used and 
0-10 p.c. to 0-18 p.c. when propionyl chloride was used. To simplify opezation of the 
method 0-10 p.c. is recommended for each reagent. Both mp» max (Table 1) and the con- 
centration of perchloric acid required for E max. were the same for the colour developed at 
any time during the last 10 minutes of colour development. The ratio of reagents specified 
yielded maximum colour development. The water contained in the perchloric acid solu- 
tion reacts vigorously on addition of acid chlorides. 





2 Due to failure of the filter of this instrument to block light completely in the red 
spectrum coupled with almost complete transmission of red light by the coloured solution 
(T. D. Orban, private communication ). 
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TABLE 1. 
Sensitivity of some methods! for cholesterol determination read at mp maz. 
| 
| El %?* Sensitivity over 
1 cm. Liebermann-Burchard 
Method (Abell et al.) Method my max. 

Propionyl chloride reagent (this paper) 367 8-3 526 
Acotyl chlorido reagent (this paper) 361 8-2 523 
Hanel and Dam (1955) 260 6-0 521 
Langan et al. (1955) 259 5-9 560 
Rose et al. (1941) 256 5-8 520 
Zlatkis et al. (1953) 249 5-7 560 
Trinder (1952) 203 4-6 492 
Abell et al. (1952) 44 1-0 620 














1 The most sensitive colorimetric methods. 
2 Absorbance in | em. cells of 1 gm. of cholesterol in 100 ml. of solution after colour development. 
3 Most commonly used modification of the Liebermann-Burchard procedure. 


Reagent purity. 

The reagents had to be purified as described in order to obtain maximum colour stabil- 
ity and sensitivity. When unpurified BDH LR ethylene dichloride was used, the time for 
maximum colour development, sensitivity and colour stability were usually decreased. Higher 
concentrations of perchloric acid were required for optimal colour development, and with 
one batch of reagent the requirement was five times that needed with pure solvents. A 
certain sign of reagent impurity was brown colouration of the reagent blank on incubation. 
The addition of unsaturated substances, e.g., benzene or carotene to the pure reagent caused 
this change. However, some batches could be used without purification for analyses nut 
requiring optimal colour stability, sensitivity, etc. They were selected by adequate stability 
of colour developed during cholesterol oxidation, e.g., a decrease of no more than 1 p.c. 
over 1 hour at the prevailing room temperature. Probably due to the trace quantity of 
perchloric acid used, colour development was inhibited by traces of reducing agents, and 
only glassware which has been washed with chromic acid should be used with the method. 


Determination of cholesteryl esters.* 


Pure esters. Cholesterol and its acetate, stearate and oleate esters, behaved similarly 
in respect to mu max. and colour stability. 














TABLE 2. 
Determination of pure cholesteryl esters before and after saponification. 
Cholesterol estimate 
Before After 
saponification saponification Pp 
. mg. p.c.+SE mg. p.c.+SE 
Cholestery! acetate 190+0-8 190+0-4 > -05 
Cholesteryl stearate 193+0-5 193+0-8 >-05 
Cholesteryl oleate 156+0:-7 155+1-1 >-05 
Cholesteryl linoleate 184+0-6 179+0:-8 <-0l 
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Cholesteryl acetate, stearate, oleate and linoleate were saponified in the recommended 
manner. Paired cholesterol standards were run through the entire procedure with each 
ester determination. Samples of the esters were then oxidized directly, paired cholesterol 
standards again being treated similarly. While the saturated and oleate esters were accur- 
ately determined by direct oxidation the cholesteryl linoleate developed slightly more colour 
at mu max. than its content of free cholesterol (Table 2). In contrast to the other esters 
the rose colour of the oxidized solution showed slight brown discolouration. The derived 
cholesterol in the non-saponifiable extract was not discolored after oxidation and the excessive 
absorbance was due to the linoleate moiety. 

Serum cholesteryl esters of three sera were purified on silicic acid. They were deter- 
mined by the procedure just outlined. The esters developed on average 4 p.c. more colour 
than expected from their content of cholesterol. The increase in each of the three sera was 
significant (P < -02). The oxidized solutions were slightly discoloured, but the cholesterol 
isolated from the non-saponifiable extract of these esters was not discoloured during oxidation 
thus verifying the responsibility of the fatty acid moiety for the discolouration. 


Determination of total serum cholesterol by the micro-isolation procedure 
and the oxidation method.* 


The non-saponifiable extracts of six fresh human sera were prepared by the micro- 
isolation procedure. The cholesterol content of each extract was determined in duplicate. 
The precision was about + 1-3 p.c. of the mean value of the series and was computed from 
the formula SDi= J ao , Where SDi=standard deviation of individual values. 
A = difference within fA. el pairs expressed as percentage of mean of the pair, N= 
number of duplicate pairs. 

The accuracy of the estimates was checked by precipitation as the digitonide of the 
cholesterol in the non-saponifiable extract of 10 sera and 10 paired standards similarly pro- 
cessed. The digitonide was determined by the Abell, Levy, Brodie and Kendall (1952) 
reagent. There was a non-significant difference of 0-5 + 0-9 p.c. (mean and SE) between 
the estimates obtained by the new method and by the reagent of Abell et al. (1952) applied 
to the digitonide. 





DISCUSSION. 


The most accurate method for serum cholesterol determination is commonly 
held to be that of Schoenheimer and Sperry (1934) in which cholesterol in the 
non-saponifiable extract is purified by precipitation with digitonin. In the new 
method described in this paper the cholesterol of the non-saponifiable extract 
is determined with a new colour reagent. The accuracy of the estimates for 
the cholesterol content of sera obtained by the new method is verified by com- 
parison with estimates obtained after digitonin precipitation of cholesterol in 
the non-saponifiable extract, and determination of the cholesteryl digitonide 
with a Liebermann-Burchard colour reagent highly specific for serum cholesterol 
(Abell et al., 1952). Bloor (1916, 1943) has disputed the accuracy of proce- 
dures associated with digitonide precipitation in serum cholesterol determina- 
tion. However, the writer in a paper to be published elsewhere has examined 
conditions required for complete saponification of cholesteryl esters and stability 
of cholesterol during hydrolysis, and found Bloor’s criticism to be unfounded. 
The specificity of a number of other methods based on colorimetric determina- 
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tion of cholesterol in the non-saponifiable extract has also been confirmed by 
the writer and it seems generally true that the digitonin stage is superfluous. 

The new method is more sensitive than any other colorimetric procedure 
for serum cholesterol determination, being 8-3 times more sensitive than the 
modification of the Liebermann-Burchard detection procedure by Abell et al. 
(1952), and 1-4 times more sensitive than the most sensitive colorimetric pro- 
cedure already described (Hanel and Dam, 1955). Recently, sensitive fluori- 
metric methods have been described (Albers and Lowry, 1955; McDougal and 
Farmer, 1957), but recalculation of their data in terms of E} ?<- shows they are 
no more sensitive than the new procedure, while the fluorescence is very un- 
stable. The colour developed by the new procedure appears to be the most 
stable of any so far used in cholesterol determination, and combined with its 
sensitivity, provides the best basis for ultramicro and submicrogram methods of 
the type described by Glick (1948) and Kirk (1950). The simplicity of the 
method satisfies this requirement of routine clinical methods (Zak and Ressler, 
1955), though care should be taken in handling the toxic ethylene dichloride 
reagent. 

Errors in determination of cholesteryl esters by oxidative methods specific- 
ally due to their content of polyunsaturated acids have not been previously 
described, though after the work reported in this paper was completed Rhodes 
(1959) reported cholesterol was overestimated by the method of Zlatkis, Zak 
and Boyle (1953) in the presence of triglyceride containing essential fatty acids. 
In this paper it is shown that the acetate, stearate and oleate esters are accur- 
ately determined by the oxidative method described for cholesterol determina- 
tion. The linoleate ester on the contrary is overestimated by 3 p.c. (P< -01) 
and the characteristic rose colour developed during oxidation of the other esters, 
and cholesterol, is discoloured by a slight brown tint. The error in the deter- 
mination of the serum cholesterol will vary from place to place as the com- 
position of these esters depends upon the diet, being rich in polyunsaturated 
acids when diets are rich in them (Wiese and Hansen, 1951). Unpublished 
data show the method of Rose, Schattner and Exton (1941) also overestimates 
the linoleate ester. 

It may be inferred from the data of Rhodes (1959) that the cholesteryl 
esters rich in the hexa- and penta-enoic acids give the greatest errors in colori- 
metric oxidative methods applied to the esters and this may go some way to- 
wards explaining the considerable errors (exceeding 100 p.c. in some cases) 
found by Lovern and Olley (1953); Lovern (1956); Lovern, Olley, Hartree and 
Munn (1957) when they applied the colorimetric reactions of Zlatkis et al. 
(1953) and Rose et al. (1941) for cholesterol determination, directly to the 
cholesteryl esters of fish and spermatozoa purified over silicic acid. Using the 
method of Zlatkis et al. (1953), Kinley and Krause (1958) have reported high 
estimates for determination of cholesterol in the presence of high concentration 
of vitamin A, and it seems highly unsaturated compounds generally can com- 
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plicate accurate cholesterol determination. A number of substances may have 
contributed to the errors found by Lovern and Olley (1953), but the question 
is confused by ignorance of the elution characteristics on silicic acid of possible 
contaminants (e.g. other sterol esters, wax esters, lipid vitamin esters) in fish 
flesh. The similar estimates obtained by the new method, and by the digitonin 
procedure, rule out vitamins in the non-saponifiable extracts as a source of error 
in determination of total serum cholesterol of the average Australian by the 
new method. 

Cholesteryl acetate is often used to standardize methods for total serum 
cholesterol determination (Abell et al., 1952; Pearson, Stern and McGarvack, 
1953; Zlatkis et al., 1953; Zak, Dickenman, White, Burnett and Cherney, 1954; 
Costello and Curran, 1955). Though the failure of cholesteryl acetate to de- 
velop the same amount of colour as its equivalent of free cholesterol when 
oxidised by the Liebermann-Burchard reagent containing large amounts of 
chloroform is well known (Carr and Drekter, 1957), it is not so clearly appre- 
ciated that this ester differs in many ways from the physiological esters of 
cholesterol. For example, the various esters vary considerably in regard to 
solubility and rate of hydrolysis in solvents used during preparation of tissue 
extracts and during saponification (Brown, unpublished ), in rate of elution from 
silicic acid (Freeman, 1957; Klein and Janssen, 1959), and, as shown in this 
paper, the acetate ester does not necessarily develop the same amount of colour 
as some other esters during oxidative colorimetry. It is therefore evident that 
discretion must be used when any one ester is used to define the behaviour of 
the others during various procedures associated with serum cholesterol deter- 
mination, and that saponification of the esters is usually a prerequisite of accurate 
serum cholesterol determination. 
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SUMMARY. 


A study was made of the effect of two antioxidants, butylated hydroxy anisole (BHA) 
and butylated hydroxy toluene (BHT), with variation in the type and quantity of dietary 
fat, on growth, food consumption, reproduction, mortality, organ weights and post-mortem 
pathology of the rat. 

The normal cellular behaviour of experimental animals fed diets containing one hundred 
times the amount of the antioxidant normally expected to be present in human foods (normal 
testing dose, NTD), is the conventional yardstick of non-toxicity. 

The NTD of BHA produced no apparent changes in any of the parameters measured. 
When BHT was fed at a dietary level of 0-1 p.c. (the NTD) in conjunction with a 20 p.c. 
lard supplement, it significantly reduced the initial growth rate and mature weight of male 
. rats. No such significant effect was noted in female rats or in male rats with a 10 p.c. lard 
supplement. A paired feeding experiment showed that this inhibition of growth was a direct 
toxic effect of BHT and could not be explained by a reduction in the palatability of the diet. 

At the NTD, BHT produced a significant increase in the weight of the liver relative to 
the body weight. The mean absolute weight of the liver was also increased. 

A significant loss of hair on the top of the head occurred in animals whose diet con- 
tained the NTD of BHT. This effect was only noted in animals under conditions of increased 
stress and was enhanced by an increase in the lard content of the diet. Anophthalmia occurred 
in 10 p.c. of the litters born of parents fed BHT. 

Even when present in the diet at a concentration of 0-5 p.c., BHA and BHT had no 
effect on one reproductive cycle of the rat, or the histology of the spleen, kidney, liver, 
testes or skin, or the ratio to total body weight of the weight of the heart, spleen and kidney. 

If the conventional NTD be accepted, BHA fulfilled the requirements of non-toxicity. 
BHT, at the NTD, on the other hand, produced deleterious deviations from normal cellular 
behaviour which cast doubt on the advisability of permitting this antioxidant in foodstuffs 
for human consumption. 


INTRODUCTION. 


Butylated hydroxy anisole (BHA) and butylated hydroxy toluene (BHT) 
are now extensively used as antioxidants in fats for human consumption (Kray- 
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bill et al., 1949; Dugan et al., 1954). The normal level of usage is 0-01-0-02 
p.c. of the fat. Wilder and Kraybill (1948), Graham et al. (1954), Graham and 
Grice (1955), Deichmann et al. (1955) believe these antioxidants do not have 
toxic effects when fed to several species of animals at a concentration 100 times 
their normal level of usage in human diets. This safety factor of 100 is usually 
referred to as the normal testing dose (NTD) for the safety of a food additive, 
and is generally accepted as a prerequisite for the proof of non-toxicity of the 
material for use in human foods (Lehman et al., 1951; Frazer, 1952; Johnson, 
1959). 

In the case of BHT, no reproductive studies were carried out in the above 
investigations; but Ames et al. (1956) and Draper et al. (1958) have shown 
that, so far as reproduction is concerned in the rat, BHT will not replace vitamin 
E, also an antioxidant, and that BHT at a dietary level of 0-3 p.c. does not 
interfere with reproduction. 

The absorption of many lipids depends on the dietary content of triglyceride, 
and it seemed probable that the lipid antioxidants would be similarly affected. 
Consequently the effects of variation of the type and quantity of dietary fat on 
the toxicity of BHA and BHT were examined in the present investigation. Toxic 
effects were judged from growth, food consumption, reproduction, mortality, 
organ weights, and morbid pathology. The biochemical effects of the anti- 
oxidants have been reported elsewhere (Johnson et al., 1958; Day et al., 1959). 


METHOobs. 


The animals used in these investigations were weanling (28 days) rats of the Norway 
Hooded or Albino strain whose parents had been maintained on a stock diet which consisted of 
rolled oats 300 gm., crushed wheat 300 gm., B mixture 300 gm., cooked beef mince 80 gm., 
water 200 ml., milk 80 ml., and “Potantol”3 0-5 ml. The B mixture contained pollard (shorts) 
10 parts, wheat germ 10 parts, lactic casein 7 parts, full cream powdered milk 6 parts, sodium 
chloride 1-25 parts, and calcium carbonate 0-5 parts. Gravimetric determination of the 
petrol-ether soluble lipid contained in a hot alcohol-ether extract of dry samples of homo- 
genized stock diet, showed that the diet contained 6-3 p.c. lipid on a wet weight basis or 
8 p.c. dry weight. Table 1 shows the composition of the control and experimental diets 
used in this study. 

The 0-001 p.c. (w/w) dietary level of antioxidant was the concentration when 5 p.c. 
(w/w) of the diet was fat stabilized with 0-02 p.c. antioxidant. The diet containing 0-1 
p.c. antioxidant was the NTD. The diet containing 0-5 p.c. antioxidant was used in an 
attempt to induce pathological changes which might give information about the metabolic 
actions of the substance. The general methods for the care of the experimental animals, 
and the preparation of diets have been previously described (Johnson et al., 1958; Day, 
et al., 1959). 

Each of the experiments was designed to permit a direct comparison of the various treat- 
ments on litter mates, and in the majority of cases a factorial design was used so that analysis 
of variance could be applied to the results. 





3“Potantol” a commercial vitamin concentrate containing not less than 16,000 I.U. 
vitamin A and 2,000 I.U. vitamin D per ml. 














—- 





TOXICITY OF PHENOLIC ANTIOXIDANTS 









































TABLE 1. 
Fat, BHA, and BHT supplements to stock diet. 
Series No. | | No. of animals* Antioxidant 
and strai> |Duration of| on each antiox-| Type and quantity levels in diets 
Antioxidant of rat jexperiment; idant level of fat (p.c. dry weight) 
| 
A | 10 p.c. hydrogenated 
Albino | 2 years 26 coconut oil 0-01, 0-1 
BHA** 
| 40 10 p.c. lard 0-0, 0-001 
B 0-1, 0-5 
Norway’ | 8 months 
Hooded } 40 10 p.c. lard 0-0, 0-0004T 
| heated 0-1, 0-5 
Pe 
Norway 2 years 24 10 p.c. hydrogenated | 0-0, 0-1 
Hooded | | coconut oil 
D 16 10 p.c. lard 0-0, 0-1, 0-5 
Norway 6 months | 
Hooded 16 20 p.c. lard 0-0, 0-1, 0-5 
BHT*** | (0-0-0-001f) 
| 12 | O p.c. lard (0-1-0-0) 
(0-5-0-0) 
E (0-0-0-001) 
Norway 7 weeks 12 10 p.c. lard (0-1-0-0) 
Hooded | (0-5-0-0) 
| | | (0-0-0-001) 
| 12 20 p.c. lard | (0-1-0-0) 
| (0-5-0-0) 
j 











* Composed of equal numbers of male and female litter mates except series E when male rats 
were used. 

** Tenox BHA, a commercial preparation containing approximately 85 p.c. 3-tert-butyl-4- 
hydroxy anisole and 15 p.c. 2-tert-butyl-4-hydroxy anisole. 

*** Tenox BHT, 2:6-di-tert-butyl-p-cresol. 

t+ See text. 

¢ Indicates second litter mate of each diet pair, pair-fed against first. 


In the long term experiments A and C the male and female litter mates w. housed in 
pairs directly after weaning. When the female became pregnant she was re:r0ved to a 
separate breeding cage and allowed to rear the young until weaning. The original parents 
were then housed in pairs, the sexes being segregated. After 12 months on the dietary 
regimens, the same male and female litter mates were again mated; but unfortunately the 
fertile life span of the rats had been exceeded, and, in the majority of cases, no litters were 
produced. After two years the condition of both experimental and control survivors had 
so deteriorated that it was felt advisable to kill them for pathological examination. 

In experimental series B the sexes were segregated, the animals being housed in groups 
of four. After three months on the dietary regimens one half of the animals were killed 
and used for organ weight, histopathological and fat stability studies. At six months male 
and female litter mates on the same diet were mated and the results of this mating recorded. 
At eight months the animals were killed, and organ weight and histopathological studies were 
made. To simulate commercial and domestic culinary practice, the lard used in one half 
of the control and experimental diets was heated to and held at 150° C. for 30 minutes in 
Kjeldahl flasks before being added to the stock diet, 
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In experimental series D the animals were caged in groups of four. Reproductive studies 
were carried out at the fourth month on the dietary regimens followed by killing at six 
months, and the determinations described above were carried out. 

Experiment E was a paired feeding experiment in which the normal techniques of this 
method were applied. It was designed to assess the effect of BHT on growth and organ 
weights at a constant food intake. In this experiment the animals were caged singly. 

In all experiments the animais were weighed weekly. The initial growth rate was 
2W, + W, —W, — 2W 
10 
experiment, etc.). The mature weight was taken as an average over seven weeks when the 
growth plateau was reached. The weights of the liver, kidney, heart, spleen and testes were 
related to the post-absorptive weight when killed. In all the above instances the resulting 

figures were transformed to logarithms for statistical analysis. 

The liver, kidney, spleen, testes, aortae and skin of all animals of experiment D, and 
of a random selection of some animals from each dietary group in experiment B were examined 
histologically. The tissues were fixed in 10 p.c. formol-saline. Paraffin sections were cut at 
5u. The aortae were coiled longitudinally to include the whole length. The skin in the area 
between the ears was shaved and removed immediately after the animals were killed. This 
skin was stuck flat on a piece of cardboard, using an albumin-glycerine (1:1) mixture, without 
applying tension, and fixed in 10 p.c. formol-saline. Haematoxylin and Eosin (H and E) 
stains were used for general staining; toluidine blue (TB) and periodic acid Schiff (PAS) 
stains were used on sections from aortae and skin of all the animals in the D series. Control 
and test sections were stained in large groups to ensure comparable dye uptake. 


RESULTS. 


° (W,= weight at fourth week of 





calculated from the formulae 


Initial growth rate. 

An analysis of variance carried out on the results of experiment D is given 
in Table 2; all other results are given as mean values and the level of significant 
difference from the appropriate control quoted if applicable. 






































TABLE 2. 

Analysis of variance of the effect of BHT, lard and sex on the log initial growth rate of experimental 

series D rats. 

Variation due to | d.f. | Sum of squares Mean square Variance ratio 

Lards | 3 | 0-112273 | 0-112273 6-545 
Within Lards 2 | 0-034307 0-017154 
Between Litter Quads 3 0- 146580 
Sex 1 0-315908 0-315908 169 -025** 
Sex x Lards 1 0-003092 0-003092 1-654 
Treatments 2 1-632966 0-816483 114-450*** 
Sex x Treatments 2 0-161189 0-080595 11-287** 
Lard x Treatments 2 0-085316 0-042658 5-98* 
Sex x Lard x Treatments 2 0-036174 0-018087 2-535 
Residual 8 0-057074 0-007134 
Between Cages 23 2-442036 
Within Cages 72 0-447549 
Total 95 2-889585 














*, **, *** significant at 5 p.c., 1 p.c., and 0-1 p.c. level respectively. 
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The anaiysis shows that there is a significant difference between the sexes, 
and betweer. :reatments, and that there are two significant interactions: namely, 
Sex X Treatment and Lard X Treatment. The reasons for these interactions 
can be seen ir. Table 3; a diet containing the normal testing dose of BHT pro- 
duced a significant reduction in the growth rate of male rats whose diet was 
supplemented with 20 p.c. lard. This effect was not noted in female rats nor 
in male and female rats whose diet contained 0-1 p.c. BHT with a 10 p.c. lard 
or coconut oil supplement. 


We have reported earlier (Day et al., 1959) that, under the experimental 
conditions employed in the paired feeding experiment (Series E), BHT pro- 
duced a reduction in food consumption during the first one to two weeks after 
the weanling rats were placed on the diets containing BHT. However, by the 
fifth week no significant differences in food consumption were observed even 
between those animals whose diets contained 0-5 p.c. BHT, and no BHT respec- 
tively. The animals presumably had become “adapted” to the peppery nature 
of the diet containing BHT. Fig. 1 summarizes the effects of BHT on the weight 
of male rats six weeks after being placed on the BHT-containing diets used in 
the paired feeding experiment. Even wr.\n %BHT 
though there were significant differ- GRAMS 
ences in the food consumption during 
the first portion of the experiment, at 0-001 
six weeks there were no significant 9, oO 
differences in weight between the 
various control animals. Therefore 2 
the weights of all the control animals or 
on the same lard level have been | 
pooled. As this was a paired feeding 
experiment, all animals on the same 18 
lard level consumed the same amount 
of food; the results confirmed the réle_'7 





of increased lard content in the diet tee 
enhancing the deleterious effects due _ ' 

to BHT. A significant reduction in 

the weight at six weeks was again ob- ° 10 20 
served in male rats whose diet con- % DIETARY LARD 


tained the NTD of BHT with a 20 Fig. 1. The effect of a six-week dietary 
p.c. lard supplement. Since this effect regimen of lard and BHT on the weight of 
of BHT could not now be explained P#tfed male rats. 

on the basis of reduced palatability of the diet due to the inclusion of BHT, it 
indicated a toxic effect. 


The initial growth rate of male rats was increased by a 0-001 p.c. supple- 
ment of BHA in the diet containing 10 p.c. lard (Table 3, Series B), and in both 
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male and female rats by 0-1 p.c. BHA in the diet containing 10 p.c. hydrogenated 
coconut oil (Table 3, Series A). This effect was abolished by heating the lard 
containing BHA. We have shown (Johnson et al., 1958) that some 60 p.c. of 
the BHA in a lard solution containing 0-001 p.c. BHA is lost by heat destruction. 


The NTD of BHA had no adverse effect on the initial growth rate of the 
rat. A diet containing 0-5 p.c. BHA produced only a relatively small reduction 
in the initial growth rate as compared with a diet containing 0-5 p.c. BHT. 
The reduction in the initial growth rate produced by 0-5 p.c. BHA was abolished 
by the heat treatment. 


Mature weight. 


The effect of BHT on the mature weight of the rat (Table 3) was very 
similar to that on the initial growth rate. Again, interactions were observed be- 
tween Sex X BHT and Lard X BHT. The NTD of BHT produced a. reduction 
in the mature weight of male rats when fed in conjunction with a 20 p.c. lard 
supplement. 


In the case of the BHA fed animals there was no close correlation between 
the initial growth rate and the mature weight. Thus, although 0-001 p.c. BHA 
stimulated the initial rate of growth, no differences were observed in the mature 
weight. The normal testing dose of BHA did not produce any deviation in the 
mature weight. In some cases a small reduction in the mature weight occurred 
when the diet contained 0-5 p.c. BHA. 


The effect of BHT on hair. 


Shortly after being placed on the diets containing BHT a number of both 
male and female rats of series C and D showed a browning and thinning of the 
hair between the ears, which continued until it produced a definite bald patch 
approximately 20 mm. in diameter. This localized loss of hair extended down 
the flanks in some rats on the 0-5 p.c. BHT diet. In the majority of cases, the 
hair was regenerated within six weeks even though the animals were still on 
the diets containing BHT. A similar loss of hair occurred at a second stage 
in the life cycle of the female rats fed BHT, one or two weeks after cessation 
of weaning of young. 


When the diet contained 0-1 p.c. BHT and 10 p.c. hydrogenated coconut oil! 
(Series A), 8 out of 24 rats had bald patches, while there was no evidence of 
baldness in 22 control rats. The result was highly significant (p < 0-01). 


In series D an attempt was made to assess quantitatively the réle of the 
level of dietary lard in the development of baldness (Table 4). 


The baldness index was assessed on an arbitrary scale which depended 
upon the duration and severity of the loss of hair. An increased level of lard 
in the diet enhanced the depilatory effect of BHT. No sex difference in the 
time of onset of baldness could be shown. In Table 4 the apparent sex differ- 
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TABLE 4. 
The effect of BHT and lard on the “‘baldness index” of the Norway Hooded rat. 

















| p.c. BHT in diet with p.c. BHT in diet with 
10 p.c. lard supplement 20 p.c. lard supplement 
' | 
Sex | 0-0 | O-1 0-5 | 0-0 0-1 0-5 
Male | o | 4 45 CO o | 41 51 
Female | 3 | 58 | m4 | 18 | 94 151 
{ | | 








ence is due to the inclusion of the figures from the second occurrence of baldness 
in the female rat after lactation. 

The depilatory effect of BHT was not due to external contamination of the 
skin by the food. No baldness occurred when, at weekly intervals for three 
months, lard or lard containing 0-5 p.c. BHT was applied to the hair between 
the ears in two groups of fifteen Norway Hooded rats. The effect might be 
specific to the black hair of the Norway Hooded rat, since no baldness occurred 
in Albino rats fed on a diet containing 0-1 p.c. BHT in 10 p.c. hydrogenated coco- 
nut oil for six months. No such loss of hair has so far occurred after eighteen 
months in an experiment, at present in progress, on the effect of BHT on ihe 
reproductive capacity of the mouse. 

Impressions and whole mounts (Benedict, 1959) were taken of hairs in the 
vicinity of the baldness from an experimental animal which had lost hair, an 
experimental animal that had lost hair but whose hair had regenerated, and 
from a control animal. These showed no differences in the distribution of the 
pigment granules, the medullae or of the structure of the scales. It can be con- 
cluded that the effect is not related to any change in the gross structure in 
the hair. 

Histological examinations of sections of the skin of all animals in series D 
showed the typical variations in follicular activity which are characteristic of 
the hair cycle in most species of mammal (Flesch, 1954). The experimental 
conditions had no significant effect on this cycle. 

BHA had no effect on the condition of the hair of either the Albino or 
Norway Hooded strain of rat. 


Organ weight studies. 


Smyth et al. (1952) have established that a comparison of organ weights 
relative to body weight is a sensitive index to stresses being placed upon experi- 
mental animals. Organ weight studies were carried out on experimental series 
B, D and E. BHA and BHT had no effect on the relative weights of the spleen, 
heart and kidneys. In the case of the testes it was shown that, in the normal 
adult rat, there was little correlation between the weights of the testes and the 
body. On diets containing BHA and BHT the animals had the same mean 
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absolute testes weight as the controls. As there was a reduction in the body 
weight of those animals whose diet contained the highest concentration of anti- 
oxidant, an increase in the ratio of testes to body weight was produced. This 
increase could be accounted for entirely by the decrease in the body weight. 
Both antioxidants did produce increases in the weight of the liver (Table 5). 
As no interactions were encountered, the values for the sexes, lard levels, and 
effect of heating the lard have been pooled. 


TABLE 5. 
The effect of BHA and BHT on liver weight of rats. 

















! | 
‘Experiment, | 
Antioxidant | series |Measurement) Dietary level of antioxidant (p.c. dry weight) 
| 0 | 0-001 «| Ol | 0-5 
BHA [> Z RLW+ | 3-28 3-17 | 3-38 3-69*** 
ALW$ | 7:89 | 7:76 | 810 | 8-30 
| 
RLW 3-73 | = |  -4-00** | _5-1799 
| ALW 930 | — | 9-91 10-47 
BHT 
E | RLW | 3-51 3-40 4-044** | 5-29*#* 
7 8-73 | 9-54 
| 


| | ALW -50 7-28 





+ RLW =Relative liver weight in gm. liver per hundred gm. body weight. 

~ ALW =Absolute liver weight gm. (not analysed statistically). 

*, **, *** Indicates logarithm of figure is significantly different from control with p=0-065, 
0-01, 0-001 respectively. 


Histological studies. 


Sections were prepared from the spleens, testes, livers, kidneys and aortae, 
in the D series; and similar sections were made from these tissues in a random 
selection of the animals of the B series. These sections were examined by a histo- 
logist who had no prior knowledge of the dietary history of the animals. No 
differences were observed between control and test specimens of the spleens, 
testes, kidneys or livers. 


Lesions were observed on many of the aortae of series D. They were local- 
ized to the thoracic end of the aorta, particularly the aortic arch, no lesions were 
noted in any other segment. The lesions appeared macroscopically as small 
round pearly white nodules up to 2 mm. in diameter, and, histologically, were 
typically atherosclerotic, consisting of hyaline fibrocellular intimal proliferation, 
extending into the media, in which a complete disorientation of the medial archi- 
tecture was apparent. Some of the lesions contained a small number of foam 
cells on the surface, but these were not a prominent feature. Several small areas 
of medionecrosis were seen. No calcification was noted in the atheromata which 
were also devoid of any inflammatory cell infiltration. Subintimal fragmentation 
and disruption of the medial muscle and elastic fibres were always found in 
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these lesions. A moderate hyaline fibrocellular intimal thickening was noted 
in many of the aortae. This change was maximal in the thoracic segment of 
the aorta. It was not modified by sex or dietary supplements. 


In many of the atherosclerotic lesions there were focal and discrete accu- 
mulations of metachromatically-staining intercellular material. Such focal ac- 
cumulations in and subjacent to lesions were clearly in excess of the meta- 
chromasia noted in the adjoining normal aortic segments. There was also a focal 
increase in PAS positive material in, and subjacent to, many of the athero- 
sclerotic lesions. Both metachromatically-staining material and PAS positive 
material were more intense in the thoracic end of the aorta than in the abdominal 
end. 


In the male rats receiving BHT, there was a considerable reduction in the 
amount of PAS positive material present in the aortic wall. There was no 
appreciable difference between groups receiving the two dietary levels of BHT 
with respect to the amount of PAS positive material present. In sharp contrast 
to the reduction in aortic PAS positive material in the male rats, was the absence 
of any such reduction in the female groups. 


In general the incidence of aortic lesions was greater in the male than in the 
female animals. In the male rats there was a tendency towards reduced severity 
of atherosclerosis in those animals receiving BHT. 


Reproductive studies. 


The effect of BHA and BHT on one reproductive cycle of the rat is shown 
in Table 6. 


Statistical analysis by the methods of Bruce and Emmens (1948) on 
the number of pups born and weaned, and on the total weight of the litter at 
21 days, revealed no differences between treatments. 


Anophthalmia. 


In series D, three out of the thirty litters contained anophthalmic (uni-and 
bi-lateral ) young when the parents had been fed BHT for five months. Although 
the numbers involved were small, it should be pointed out that anophthalmia 
has not been observed in any of our stock or other experimental rats. The 
number of anophthalmic young to the total number in the three litters was 
1/11, 1/11, and 8/11. A dissection and histological examination of the heads 
of the anophthalmic animals showed a complete absence of eyeball but the 
presence of an undeveloped optic nerve. An attempt was made to differentiate 
between a genetic or dietary causal factor. Upon reaching maturity the litter 
mates of the second generation of these three litters were mated, using as many 
as possible combinations of diet with or without BHT, and normal or anoph- 
thalmic animals. The mating of anophthalmic male and female litter mates 
failed to produce anophthalmic young even though the diet in some cases 
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TABLE 6. 
The effect of BHA and BHT on one reproductive cycle of the rat. 
| | 
Average No. | 
| of pups Average 
| p.e. Dietary Weight 
Dietary level level of | No. of at 21 days 
Antioxidant and type of fat antioxidant | females Born | 2] days —gm. 
ee | and 
10 p.c. | 
hydrogenated 0-0 | 12 oe | 34 | - 
coconut oil 0-0 13 6-8 3:4 | — 
| 0-0 | 10 8-9 | 7:5 31-4 
BHA | 10 p.c. lard | 0-001 10 | 11-3 | 10-6 26-8 
0-1 10 11-0 | 9-4 | 27-8 
0-5 | 10 | 9-2 6-8 | 25-8 
0-0 10 | 9-9 | 7-6 | 28-6 
10 p.c. heated | 0-0004 10 8-9 | 8-0 29-5 
‘lard - 0-1 | 10 | 96 | 8-0 | 30-1 
| 0-5 10, | (10-7 | 8-9 24-9 
| 10 p.e. 
hydrogenated =| 0-0 11 | 8-8 6°5 — 
coconut oil 0-1 12 8-3 | 7-6 — 
0-0 | 8s | 10-0 | 5-4 32-3 
BHT 10 p.c. lard 0-1 . 9-4 | 7-2 30-7 
0-5 8 8-0 | 7:0 30-1 
0-0 } 2 10-1 | 8-5 | 31-8 
20 p.c. lard 0-1 8 10-2 | 8-1 | 34-1 
0-5 8 8 8-7 28-8 





contained 0-5 p.c. BHT. The only case where blind offspring were produced 
was when a blind male on 0-5 p.c. BHT was mated with a normal female on 
the same diet. 

With the small numbers involved it was not possible to trace the cause of 
the anophthalmia. It is unlikely that a recessive gene was responsible, as the 
mating of anophthalmic sibs should have produced anophthalmic young. In 
the mouse reproduction study already mentioned some 600 litters have been 
produced from animals whose diet contained BHT, and in no case was anoph- 
thalmia observed. 


Mortality studies. 


Because of a considerable decline in the condition of both control and ex- 
perimental animals, the survivors of experimental series A and C were killed 
after two years on the diet. A gross pathological examination revealed no 
differences between the control and experimental animals. An xX? test of the 
number of deaths in the experimental groups as compared to the control groups 
showed that neither BHT nor BHA produced a significant increase in mortality 
after two years (Table 7). 
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TABLE 7. 


The effect of 0-1 p.c. BHA and 0-1 p.c. BHT in 10 p.c. hydrogenated coconut oil on survival 
to two years by the rat. 





Antioxidant Died Survived 





Control females 

BHA Control males 
Experimental females 
Experimental males 





Control females 

BHT Control males 
Experimental females 
Experimental males 
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No autopsies were carried out on animals dying during the course of the 
experiment, as in the majority of cases death occurred at night and post-mortem 
changes were too advanced. In the experimental series B, D and E the per- 
centage of deaths before completion of the experiment was very small, and in 
no case could be attributed to the treatment applied. 


Urine. 

In the experiments in which the food consumption was measured and the 
urine was absorbed on blotting paper placed in tin containers, the urine of 
animals on BHT turned a bright pink. However, when BHT fed animals were 
placed in metabolism cages and the urine collected in glass vessels, the urine 
was of a normal colour. The colour change probably resulted from the metal 
catalysed oxidation of BHT or its metabolites. 


DISCUSSION. 


Before approval is granted to use an additive in human food, the Food and 
Drug laws of most countries usually require detailed evidence of non-toxicity 
to experimental animals when the additive is administered at an arbitrarily 
defined dietary level 100 times the inaximum normally expected to be present in 
human food. The possibility that interactions with other components of the diet 
might affect the toxicity of the substance under consideration has sometimes 
been overlooked (Wilson and DeEds, 1950). 


Under the conditions of this study BHA fulfilled the requirement of safety, 
as only normal cellular behaviour was apparent at the NTD. The stimulation 
of growth produced by BHA at the 0-001 p.c. level in male rats with unheated 
lard as the carrier fat, and at the 0-1 p.c. level using hydrogenated coconut oil, 
may possibly be related to the protection of easily autoxidizable constituents of 
the diet. It is unlikely the effect is due to protection of substances in the diet 
before its consumption as the diets were freshly prepared daily, and the dis- 
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pensed lard, and lard containing antioxidant were prepared weekly and stored 
at 0° C. 

However, BHT fed at the NTD in conjunction with a 20 p.c. lard supple- 
ment, but not with a 10 p.c. lard supplement, reduced the initial growth rate 
of male rats. No reduction was observed in female rats. Increased lard content 
of the diet enhanced the deleterious effect of this antioxidant on loss of hair. 

The results of the paired feeding experiment showed that the reductions in 
the weight of the animals at the NTD with a 20 p.c. lard supplement were a 
direct toxic effect of BHT, and were not due to a restriction of food intake 
arising from the unpalatable nature of the diets containing BHT. 

A further indication of the toxic effect of BHT at the NTD was the in- 
crease in the relative weight of the liver at this dietary level. Because of the 
very close correlation between liver and body weights, it was not considered 
possible to analyse the absolute weights of the liver; in the case of the BHT 
fed animals there appeared to be an increase in the mean absolute weight of 
the liver. BHA at the NTD had no effect on the relative liver weight, but an 
increase in this value occurred when the diet contained 0-5 p.c. BHA. There 
were no abnormal histopathological changes associated with the increase in 
relative weight of the liver. Dacre et al. (1956) and Dacre (1957) have shown 
that BHA and BHT are to some extent excrete! as glucuronides and ethereal 
sulphates. It is probable that the detoxication of these phenols occurs in the 
liver, and that the hypoplasia of the liver represents an attempt on the part of 
this organ to meet the stresses placed upon it by the ingestion of these unphysio- 
logical substances. 

Further evidence that BHT was toxic at the NTD was the occurrence of 
a significant (p < 0-1) balding effect in the Norway Hooded strain of rat. The 
effect was not observed in albino rats nor in mice and could not be associated 
with an external depilatory effect. The loss of hair was noted only in animals 
undergoing a period of stress, i.e. during the phase of rapid growth in young 
male and female animals, and in the female animals after the cessation of 
weaning young. As there was a regeneration of the hair when these stresses 
were removed, it is likely that the animals’ tolerance to BHT varied at different 
stages of the life cycle. Loss of hair can be caused by a variety of nutritional 
and endocrinological factors; and from the available evidence it is not possible 
to locate the primary lesion responsible for it. The localization of the loss of 
hair to the top of the head, except with a few animals on the top concentration 
of BHT, suggests an endocrine effect although Cunha et al. (1943) have shown 
that the loss of hair caused by inositol deficiency started in this position and then 
proceeded down the flanks. A possibility that cannot be excluded at this stage 
is that the loss of hair might be a secondary effect due to a partial sulphur 
deficiency caused by the excretion of ethereal sulphates, one of the products 
of detoxication of BHT (Dacre, 1957). The ethereal sulphate production might 
interfere with cystine metabolism which is of importance in the development 
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of hair. However, hair loss due to a dietary deficiency usually involves changes 
in the structure of the skin or hair. This was not apparent in the loss of hair 
produced by BHT. 

At the concentrations used, BHA and BHT had no effect on one reproduc- 
tive cycle of the rat. Even though anophthalmia has not been observed in any 
of our stock or other experimental animals, from the evidence available it is 
not possible to relate unequivocally the anophthalmia, present in the young of 
parents which had been fed BHT, to the presence of BHT in the diet. 

The only consistent histopathological abnormality observed in this study was 
the appearance of typical atherosclerotic lesions in the male and female rats 
fed lard or lard plus BHT. Jones et al. (1957) have found coronary atheroma 
in rats on a dietary supplement of lard. Humphreys (1957) has found atheroma 
to occur spontaneously in a variety of this species. 

The fat content of various national diets varies enormously, but English- 
speaking peoples of European descent consume about 40 p.c. of their dietary 
calories as fat (Yudkin, 1957). This is a mean figure and there must be many 
people consuming considerably more than this. It is reasonable to assume the 
two levels of fat fed in the experimental work reported in this paper fall within 
this upper range. Consequently, the toxic effects found in the animals fed BHT 
at the NTD on both dietary fat levels form a prima facie case against the use 
of BHT in human diets. It is very doubtful whether the fat content in the diet 
in the experiments of Deichmann et al. (1955) exceeded 5 p.c. (w/w) and the 
lack of toxicity reported in that study when BHT was fed at the NTD reinforces 
the conclusion reached in the present experiments that the toxicity of BHT is 
a function of dietary fat level. On the other hand, no evidence was found that 
BHA is similarly affected, and the results of these experiments support the 
general view that BHA is suitable for use in human diets (Wilder and Kravbill, 
1948; Graham et al., 1954; Graham and Grice, 1955). 

Other workers have reported that addition of fat to the diet can alter the 
toxicity of a substance. Fats added to the diet increased the toxicity of benzene 
administered as a vapour (Li and Freeman, 1945), of alloxan injected intra- 
venously (Houssay and Martinez, 1947), and of dietary dichlorodiphenyltrich- 
loroethane (DDT) (Sauberlich and Baumann, 1947). The latter authors sug- 
gested that the fat aided in the absorption of DDT. Fat augmented the acute 
toxicity and decreased the chronic toxicity of derris (Ambrose et al., 1943) and 
decreased the toxicity of cyanide (Meyer, 1939). Whether the increased toxicity 
of BHT with increased dietary fat contents reflects increased absorption of BHT 
or a more intimate metabolic relationship between BHT and fat remains to 
be shown. 
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SUMMARY. 


Injection of diethylstilboestrol into a group of eight dogs was followed, within nineteen 
months, by development of tumours of the ovary in all cases. 

One of these was an hyperplasia and seven were definite neoplasms. The neoplastic 
nature of these was shown by invasion and development (in 3 cases) of metastases. 

The tumours showed, in these cases, a multiplicity of tissues not seen in tumours in man. 

The high yield indicates a specific activity of the injected material, either the stil- 
boestrol itself or a metabolite, or its physiological activity provides a bulk of tissue on which 
some carcinogen acts. 


INTRODUCTION. 


Although neoplasms are, understandably, much less well documented in 
animals than in man, many tumours, covering a wide range, have been observed 
and described. Canine tumours, in general, are relatively well known but super- 
ficial growths such as those of the skin and mamma are the best recognized. By 
contrast, tumours of the ovaries appear to be uncommon. There are only brief 
and incomplete accounts of spontaneous tumours (Feldman, 1932; Langham, 
Brinker and Sholl, 1954; Mulligan, 1949; Mols, 1954; Schlotthauer, 1939; Sticker, 
1902; Willis, 1948; Stol, 1949; Antunes, Martins and Matera, 1946), and no re- 
port of induced canine ovarian tumours has been found though various sub- 
stances (fed or injected), such as 20-methylcholanthrene (Mulligan, 1944, 1946; 
Mulligan, Neubuerger, Lucas and Lewis, 1946; Bailey, Shimizu and Davis, 1944), 
8-naphthylamine (Bonser, 1943; Hueper, Wiley and Wolfe, 1938; Hueper and 
Wolfe, 1937) and 2-acetylaminofluorene (Allison, Wase, Leathem and Wainio, 
1950; Morris and Eyestone, 1953), have been found to be carcinogenic in some 
organs of the dog. 

During a study of naturally occurring and experimentally induced mammary 
tumours, observations of other growths were made. Although no spontaneously 
developing ovarian tumour was found, 7 examples developed in animals being 
given stilboestrol and these, together with the hyperplastic condition in one other 
animal, provide the material of the present investigation. 
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METHODS AND MATERIALS. 


Eight bitches and two dogs, mongrels of the terrier, spaniel, collie, corgi and hound 
types, were given injections of diethylstilboestrol subcutaneously every seven to eight weeks. 
For the first three months the dosage was based on body weight as follows: 


10 Ib. and under __...... 15 mg. 
10-20 Ib. _.... . 80 mg. 
20-45 Ib. oe uu. 45 mg. 
45 lb. and over 60 mg. 


Of these animals, four bitches and one dog had also received as part of the original 
experiment, thirty-six days prior to the beginning of the oestrogen injections, one 3 mg. im- 
plant of 20-methylcholanthrene in the left posterior mamma. By three months, the bitches 
were in continuous “heat”, although certain side effects, such as hair loss, were not shown 
to the same degree in all cases; in order to obtain more uniform effects, the dosage was 
increased to 15 mg. for each weight group. 

The diethylstilboestrol, dissolved in paraffin oil, obtained in “cartridges”, was found 
to have a long-acting effect of at least eight weeks. The cartridge was inserted into a “Vet- 
Jecta” gun, which had a needle of approximately 14 gauge. For each pull of the trigger, 
0-21 ml. (15 mg.) was implanted subcutaneously. To decrease pain, the area of the injec- 
tion was clipped and a rapidly-acting surface anaesthetic paste—“Xylotox-Extra” (Pharmaceu- 
tical Manufacturing Co., England)—was rubbed into the skin. Maximum anaesthesia was 
obtained one to two minutes after application. 

The dogs were housed, in groups of three, in concrete pens, a third of which was 
roofed over, and fenced with strong wire mesh; sleeping quarters were raised above the 
ground. Diet consisted of minced horse flesh, powdered milk and bread. Each animal, 
depending on its size, received 1-1% lb. of the mash daily, and bones twice a week. Water 
was freely available. All animals were treated for worms and immunized against distemper 
before the experiment began. 


RESULTS. 


Within nineteen months of the experiment, all the eight bitches had died at 
different intervals from various causes (Table 1). 


Ovarian tumours. 


The macroscopic and histological appearances of the ovaries and locations 
of metastases in each case are recorded in Tables 2 and 3. The ovaries in all 
instances were bilaterally affected, except in Case VII where only the left ovary 
was involved — the right organ being absent. 

Macroscopically in two cases (Cases I and VII) the ovaries appeared as 
smooth bodies of approximately normal size, while the remainder were about 
2 cm. in diameter and of greyish-white granular appearance (Fig. 6). In two 
(Cases III and VIII), portion of each ovary was smooth, similar to the surfaces 
of the first-mentioned organs, but the remaining parts were granular. 

Histologically, in Case I, there was no evidence of proliferation of the sur- 
face “epithelium”; there was, however, considerable proliferation of the cells 
of the follicles which were more numerous than usual. Although some of the 
follicles showed relatively few cells, in many there was a considerable increase 
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TABLE 1. ‘ 
Breed of dog and the total amount of stilboestrol given. 


























| Period of Total amount 
experiment of stilboestrol 
Case No. Breed of dog Sex in days received in mg. Cause of death 
iz Cross-bred F 231 180 Strangulated 
Spaniel inguinal hernia 
II Cross-bred F 119 90 Trauma (Dog fight) 
Corgi 
III Cross-bred F 201 165 Trauma (Dog fight) 
Australian 
Terrier 
IV Cross-bred F 320 375 Malignant ovarian 
Border Collie tumour 
V Cross-bred : 2 4 364 300 Acute necrotizing 
Terrier | enteritis 
VI Cross-bred F 379 315 Malignant ovarian 
Terrior tumour 
VII Cross-bred F 447 360 Strangulated 
Wire-haired | inguinal hernia 
Terrier | | 
VIII Cross-bred F 575 495 Malignant ovarian 
Wire-haired | | tumour 
Terrier 





The dogs used in the experiment were cross-bred animals, all (except Cases VII and VIII) of 
the smooth-haired type. The variations in amount of stilboestrol depended on the body weight 
and length of survival. Cases II, VI, VII and VIII also received one 3 mg. implant of 20-methyl- 
cholanthrene in the fifth left mamma (though this did not appear to significantly influence the 
results described). 


TABLE 2. 
Macroscopic and microscopic appearances of the ovaries and the location of the metastases. 








Macroscopic Microscopic 
Case No. appearances appearances Location of metastases 
I Normal (0-8 cm. Hyperplasia of Not applicable 
diam.) follicular 
epithelial cells 
II Two compact cauli- Papillary None 
flower-like bodies carcinoma 
(0-8 cm. diam.) 
III Partly granular and Papillary None 
partly smooth (0-7 carcinoma 
cm. diam.) 
IV Two compact cauli- Papillary Lungs, diaphragm, liver, spleen, 
flower-like bodies carcinoma great omentum, bowel, blad- 
(2 em. in long diam.) der, uteri, vagina and visceral 
lymph nodes 
¥ Two bodies with mul- Pspillary None 
tiple papillae pro- carcinoma 
jecting from the 
surfaces 
VI Two compact cauli- Papillary Liver, spleen, great omentum, 
flower-like bodies carcinoma bowel, kidneys, uteri and 
(1-2 cm. diam.) visceral lymph nodes 
Vil Normal (1 cm. diam.) Papillary None 
“adenoma” 
Vill Partly granular and Papillary Lungs, diaphragm, liver, spleen, 
partly smooth (1-6 carcinoma great omentum, kidneys, 
em. in long diam.) bladder, uteri and vi 
lymph nodes 
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in the number of layers. Elongate and dendritic spaces lined by a cuboidal 
epithelium apparently extending from the surface were a prominent feature of 
the cortex (Fig. 1). The supporting stroma showed some degree of prolifera- 
tion. Because of the regularity of the tissue structures this case was regarded 
as an hyperplasia. In Case VII the surface was well defined due to the pre- 
sence of an early granulation tissue which is probably associated with the peri- 
tonitis which was present. There was a well-defined papillary structure, but the 
tips of the papillae were necrotic (this giving the macroscopic smooth appear- 
ance). The follicular structures here were extremely numerous and prominent 
and showed a greater number of layers of follicular cells than observed in Case I. 
Stromal tissue was much more cellular than normally seen. Collections of 
cellular tissue were present also in the medullary region of the organ and here 
the epithelium was arranged in glandular form. There was some irregularity 
of the epithelium and mitotic figures were present. 

In the remaining six specimens the pattern was similar, but there was much 
greater cellular variation and more diverse cellular arrangements. Proliferation 
of the surface epithelium occurred with the formation of irregular multiple 
papillae which projected from the cortex (Figs. 2, 3 and 5). These consisted 
of vascular connective tissue cores covered by one to several layers of cuboidal 
or low columnar cells. Elongate glandular structures extended from the surface 
into the cortex. Within the papillae and in the adjacent tissue there were groups 
of epithelial cells which showed various cellular patterns. 


In some areas there was a simple relatively undifferentiated tissue though 
in most places there was a definite glandular arrangement (Figs. 4 and 8). 
Some of the glandular spaces were cystic, and pseudofollicular structures (Fig. 
9) were prominent; many of the cell collections were typically of the granulosa 
type. In some cases “pseudoglomerular” cellular arrangements such as have 
been referred to as “mesonephric” in some human tumours were observed. 
Small calcified bodies (“psammoma”) were found both in the ovaries (Table 
3) and also in metastases. The fibrous stroma showed slight to gross prolifera- 
tion and, in some cases, gross hyalinization (Fig. 7). Because of the irregularity 
of the cells and obvious invasion of the deeper tissues (together with the meta- 
stases ) these were regarded as neoplasms. 

Metastases from three cases were located in the subcapsular sinuses and 
sinusoids of the visceral lymph nodes, and on the peritoneal surfaces of the 
diaphragm, small and large bowel, liver, pancreas, great omentum, mesentery, 
spleen, uteri, vagina, kidneys, bladder, adrenal glands and on the pleural sur- 
face of the lungs. Macroscopically, the secondary tumours appeared as small 
white nodules (Figs. 13 and 15). Microscopically, the metastases (Figs. 10-12, 
14, 16 and 17) were composed of clumps or papillae of follicular epithelial 
cells which in some areas assumed a glandular form; psammoma bodies were 
frequently found. 
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EXPLANATION OF PLATES 


Fig. 1. Case I—Ovary showing follicular cysts and hyperplasia of follicular epithelial 
cells. x 120. 


Fig. 2. Case I1I—Ovary showing formation of small papillae and numerous glandular 
structures. Note presence of many primordial follicles. x 135. 


Fig. 3. Case I1I—Surface of ovary showing large papillary formations, multiple glandular 
structures; only a few primordial follicles remained. x 120. 


Fig. 4. Case I1I—Showing hyperplasia of granulosa-type cells and formation of a glan- 
dular structure at the base of a papilla. Compare Fig. 3. x 1400. 


Fig. 5. Case IV—Low power view of gross papillary formations almost entirely replacing 
the cortex. x12. 


Fig. 6. Case IV—Photograph showing external appearance and cross-section of ovarian 
papillary carcinoma. 


Fig. 7. Case IV—Hyalinization of ovarian papillary stroma and a few small glandular 
formations. Compare Fig. 5. x 120. 


Fig. 8. Case IV—Collections of granulosa cells, some glandular arrangement, and a 
psammoma body. x 1320. 


Fig. 9. Case IV—Pseudofollicular and glandular structures. x 480. 


Fig. 10. Case IV—Papillary metastasis on the peritoneal surface of the spleen. x 112. 
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EXPLANATION OF PLATES 


Fig. 11. Case IV—Gross metastatic involvement by epithelial cells of the subcapsular 
sinus and sinusoids of a lymph node. x 100. 


Fig. 12. Case IV—Early involvement of the subcapsular sinus of a visceral lymph node 
by clumps of epithelial cells. x 920. 


Fig. 18. Case IV—Macroscopic view of multiple small white metastatic nodules in the 
peritoneal surface of liver. x 2. 


Fig. 14. Case IV—RMicroscopic appearance of portion of a metastasis on peritoneal sur- 
face of liver, showing formation of psammoma bodies and reactive small round cell infiltration. 
x 420. 


Fig. 15. Case IV—Macroscopic view of trabecular arrangement of multiple white sub- 
peritoneal metastatic nodules on under surface of diaphragm. x 3k. 


Fig. 16. Case IV—Psammoma body formation and metastatic epithelial structures on 
peritoneal aspect of diaphragm. x 360. 


Fig. 17. Case IV—Metastatic papillary formations on peritoneal surface of diaphragm, 
showing masses of epithelial cells with psammoma body formation. x 150. 
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Other tissues. 


Primordial follicles were present in the cortex of the ovary; in the less well 
developed cases (including the hyperplasia) they were increased in number 
and a few showed some degree of development short of maturity. They were 
not apparent with the fully developed tumours. Mature Graafian follicles, 
corpora lutea and corpora albicantia were not seen. The medulla in all cases 
appeared normal. 

The mammary glands showed cystic lobular hyperplasia, the degree of 
change being related to the length of the experiment. 


The pituitary gland in all cases showed terminal congestion and dilatation 
of the sinusoids and, by the eighth month, an increased number of acidophilic 
chromophil cells. In Case II, haemosiderin pigment was present in the sinu- 
soids. It has been difficult to assess the possible changes in the hypophysis, 
since it has been found that its normal weight and the relation of the number 
of chromophobe to chromophil cells varies widely from breed to breed 
(Tyslowitz and Dingemanse, 1941). 

Changes in the reticulo-endothelial system occurred gradually, but by the 
seventeenth month of the experiment gross anaemia and leukopenia were ob- 
served. 


Other ductless glands showed some change and the uterine lining was at 
first hyperplastic and later atrophic. Well developed modification occurred in 
the skin. Other organs (for example, spleen, lymph nodes, liver and pancreas ) 
also showed changes not directly related to the tumour development. 


DISCUSSION. 


The tumours described here show morphological gradations of proliferative 
activity. The specimen showing limited change was regarded as an hyperplasia, 
as it contained typical cells with no evidence of spread. In the other seven, 
various degrees of change (some being gross) with atypical tissue formation, 
atypical cells and evidence of local invasion were seen; these were therefore 
accepted as neoplasms. Three of these showed metastases which were therefore 
indubitable malignant tumours. 

The clinical features may be correlated with the gross and histological 
characters. The gradation of changes, although not occurring strictly chrono- 
logically, suggest different stages of the one process, and also that Case I, 
although not necessarily a neoplasm, is comparable with other forms of pre- 
cancerous change observed in the other animals. 

All of these examples show a variety of structure, which is particularly 
obvious in the malignant forms. It is noteworthy that Antunes, Martins and 
Matera (1946) observed a spontaneous ovarian tumour of similar complexity in 
a 12-year-old bitch. It was diagnosed as a granulosa cell tumour of a mixed type. 
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As to their aetiology there appear to be three possible agents: 
(a) active diethylstilboestrol; 
(b) metabolites of diethylstilboestrol; or 
(c) an independent carcinogen. 


(a) Active diethylstilboestrol. This compound may have been the sole causa- 
tive agent for these ovarian changes; the remarkable yield of tumours in this 
series strongly suggests a close relation, but experience with other carcinogens 
has shown that care must be taken in accepting a too facile explanation. 


It is now clear that, as in other animals, the liver is responsible for the 
inactivation of naturally occurring oestrogens in the dog (Lipschutz, 1950; Can- 
tarow, 1942; Cantarow, Paschkis, Rakoff and Hansen, 1943a; Cantarow, Paschkis, 
Rakoff, Hansen and Walkling, 1943b; Dingemanse and Tyslowitz, 1941; Long- 
well and McKee, 1942). In support of this, Israel et al. (Cantarow et al., 1943a) 
in 1937 found that oestrone was not inactivated when perfused through a heart- 
lung preparation from a dog, but was inactivated within fifteen minutes when 
perfused through a heart-lung-liver preparation. If oestrogens or ovaries are 
implanted in the spleen, little or no oestrogenic effect is apparent, compared 
with the action when implanted subcutaneously (Cantarow et al., 1943a). 
Some investigators have found that ovarian tumours may result from intra- 
splenic and intrapancreatic ovarian transplants in castrated rats and mice (Bis- 
kind and Biskind, 1944; Li and Gardner, 1947a, 1947b); hormone from these, 
normally inhibiting pituitary secretion, is destroyed in the liver and thus the 
“growths” result from the uninhibited production of gonadotropins from the 
pituitary gland (Biskind and Biskind, 1944; Li and Gardner, 1947a, 1947b). 


However, a striking difference in metabolism is apparent in dogs when 
synthetic oestrogens, such as stilboestrol, are administered. The recovery of 
active oestrogen from the bile of dogs was considerably lower with diethylstil- 
boestrol administration, whilst increased activity was still found in the blood 
even after two days (Cantarow et al., 1943b; Dingemanse and Tyslowitz, 1941). 
In the urine 8-25 p.c. of the total stilboestrol activity was present, mostly in the 
free state (Dingemanse and Tyslowitz, 1941). Hence the dog is unable to 
inactivate large amounts of stilboestrol rapidly and this may explain its eventual 
action (Zondek and Sulman, 1939). In the present experiment these ovarian 
tumours did not result from the production of excess gonadotropin, for stil- 
boestrol causes an inhibition of its secretion. 


(b) Metabolites of diethylstilboestrol. That the action of carcinogens may 
be by way of metabolites rather than by a direct effect has already been demon- 
strated with some carcinogens and the observation that stilbenes and related 
substances are carcinogenic for some animals suggests that here, also, the active 
agent may be a metabolite. No direct evidence has yet been obtained but this 
aspect of the question is being studied, 
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(c) An independent carcinogen. It is also possible that an as yet unknown 
carcinogen may act on the induced ovarian hyperplasia. Since 20-methyl- 
chelanthrene was implanted in only four cases (as part of an investigation of 
mammary tumours) it does not appear to have influenced the development of 
the ovarian tumours (Table 1). 


Problems of histogenesis. 


Human ovarian tumours constitute a complex group which, from gross ap- 
pearances, histological structure and physiological activity, show a great variety 
ranging from localized innocent growths to extremely malignant forms. Often 
these are individually of relatively homogeneous structure and this has given 
rise to an extensive (sometimes variable) and complicated nomenclature. The 
predominant feature of a particular tumour and, in some cases, its hormonal 
activity has determined the name employed so that we have the papillary serous 
cystadenoma and carcinoma, the pseudomucinous cystadenoma and carcinoma, 
granulosa celi tumour, Brenner tumour, arrhenoblastoma, dysgerminoma and 
simple undifferentiated carcinoma; there are also the stromatogenous tumours, 
thecoma and luteoma amongst others. These have been described in detail 
in human cases but, with the few examples observed, such variety has not yet 
been seen in animals. 

In most directions veterinary pathology has lagged behind human investi- 
gations for economic and anthropocentric reasons. Species differences are well 
known, and those working with experimental animals are well aware of the 
dangers in uncritically applying observations in one species to another; at the 
same time similar tumours appear to be reasonably comparable. It is apparent, 
especially as far as relative incidence of histological structures is concerned, that 
there are differences, the main one being a greater complexity of cell arrange- 
ment in the canine tumours. 

An important point, thoroughly appreciated only in recent years, is that 
the various structures in the ovary are closely related and that, for example, 
even the “epithelial” cells such as those of the Graafian follicle are closely re- 
lated to the cells of the stroma. The ovarian stroma is not a simple supporting 
tissue comparable with connective tissue elsewhere in the body, but constitutes 
a blastema of cells which may give rise to cells of the Graafian follicle and thus 
of other components derived from it; the various types of cells are thus inter- 
changeable rather than being of separate distinct types with independent 
genealogy. 

This raises the fundamental question of the nomenclature of tumours com- 
posed of various types of cells. Even writers who accept the essential relation 
of various kinds of cells are inclined to regard tumours containing these as 
having arisen from a particular cell. This poses the problem of the difference 
between the histogenetic and histological methods of classification. In both 
the diagnosis is reached by a recognition of the histological features of cells or 
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cell groups. In the histological classification cell structure (or arrangement) is 
accepted as being the extent to which conclusions can be drawn at present, but 
in the histogenetic classification there is superimposed the assumption (quite 
unjustified on our present knowledge) that not only do the tumour cells or 
groups have a particular appearance, but that this indicates the cell type from 
which they must have been derived. 

Although many tumours in man, if not the majority, show only one type of 
structure, there are examples in which there are mixtures of cells. From this 
it must be assumed either that the tumour cells had more than one origin or 
that metaplasia occurred during the growth of the tumour. In view of our 
present understanding of the close interrelation of the various cells, the second 
view would appear more reasonable. 

The tumours in the present series are important in that they show, as a 
regular phenomenon, a multiplicity of cell types. In this they resemble many 
of the canine mammary tumours. 

If these ovarian tumours are considered without reference to human cases, 
it is unlikely that specific precursors of differentiated type would be seriously 
regarded as the originating cell but rather that the tumours arise from some 
general precursor of probably indeterminate type. It is not meant to imply 
that there is necessarily some specific undifferentiated cell of the “cell rest” 
variety, but that many cells in the ovary have a multipotentiality which could 
provide the originating focus of the tumour. The important point is that these 
tumours in dogs have a distinct relation to tumours in man and emphasize some 
features less frequently observed, such as multidifferentiation in a single tumour. 
Regarding terminology, no simple term is thoroughly satisfactory; no advantage 
comes from reviving the idea of a “mixed tumour”. Probably the general de- 
signation of carcinoma (showing multidifferentiation) is for the time being most 
suitable. 

The problem of hormone dependence arises with many tumours of the duct- 
less glands and particularly in many experimentally produced growths. This 
question is being studied in a further series. 
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SUMMARY. 


in each is Tyrode. 


diluted blood and Tyrode. 


INTRODUCTION. 


mately 35 mg. p.c. 


METHOD. 





THE INHIBITORY EFFECT OF SALICYLATE ON THE 
RELEASE OF HISTAMINE BY VENOM IN THE 


(From the Department of Physiology, University of Melbourne). 


The output of histamine from two lobes of the one dog liver is similar when salicylate 
is perfused through one of them at a concentration of 100 mg. p.c. and the perfusing fluid 


There is a 50 p.c. reduction in output of histamine under similar circumstances, when 
salicylate is used in a concentration of 90 mg. p.c. and the perfusing fluid through each is 


Salicylate causes inhibition of release of histamine and S.R.S. from the ana- 
phylactic lung perfused with Tyrode. This occurs with sodium salicylate, 
sodium para-amino salicylate, and acetyl salicylic acid (Trethewie, 1951, 1952). 
The effective concentration with the first of these, sodium salicylate, is approxi- 


In this paper the influence of salicylate on the release of histamine by an- 
other injurious agent, snake venom, has been investigated. It was found that 
with a concentration as high as 90 mg. p.c. there was marked inhibition of re- 
lease of histamine by cobra venom if blood was used in the perfusion, but no 
inhibition was detected in the presence of the Tyrode perfusion. 


The livers of dogs (under morphine and chloroform anaesthesia) were perfused free 
of blood with Tyrode solution; two comparable lobes, “lobus lateralis dexter” and the left 
lateral portion of the “lobus centralis”, were finally perfused separately (Trethewie, 1939). 
, Sodium salicylate, 65-100 mg. p.c. was added to the fluid perfusing the lobus centralis. Three 
different perfusion fluids were used. The perfusing fluid was either (a) Tyrode, or (b) 
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Tyrode 700 ml. plus “Plasmosan”2 270 ml. plus 40-50 ml. blood to which 0-35 ml. of Boots 
heparin (1,000 U/ml.) was added, or (c) Tyrode 700 ml. plus 40-50 ml. blood to which 
0-35 ml. of Boots heparin (1,000 U/ml.) was added. 


The perfusion temperature was 37° C. and cobra venom (Naja Naja) was injected 
intraportally, the flow interrupted for 1% min., and then the perfusion re-started. The out- 
put of histamine in the perfusate, collected for 10 min. before and 10, 20, 30 mins., and 
one hour after injection of venom, was assayed on the isolated gut of the guinea-pig as his- 
tamine acid phosphate. It has already been shown that this assays histamine under these 
conditions (Feldberg and Kellaway, 1939). Venom used was supplied by the Commonwealth 
Serum Laboratories, except in one instance when Haffkine Institute Naja Naja venom was 
used. 2-5-6 mg. venom was injected intraportally, and when the lobes were not of approxi- 
mately equal size, proportionately more venom was injected into the larger lobe. 


EXPERIMENTAL. 


Inhibition of release of histamine and S.R.S. from the perfused anaphylactic 
lung occurs with a concentration of salicylate of 25-50 mg. p.c. (Trethewie, 
1951), and this concentration is lower than the in vitro inhibition of the antigen- 
antibody reaction of anaphylaxis using sensitized plasma and antigen which 
occurs with a concentration of 100 mg. p.c. (Trethewie and Rumberg, 1959). 
Tyrode perfusions. 

In the first series of experiments salicylate was used in Tyrode perfusions at 
a concentration of 100 mg. p.c. In three experiments (Table 1), the output from 
the control lobe averaged 1-7 yg. histamine per mg. venom per mg./gm. hista- 
mine content of lobe and from the salicylate perfused lobe, 1-9 »g. As explained 
previously (Trethewie, 1939), this reduces outputs of histamine from different 
livers to comparable levels regardless of the histamine content of the organ and 
varying amount of venom injected. These perfusions lasted %, 1 and 2 hours. 
It is evident that salicylate, in this concentration, has no significant effect in 
influencing the output of histamine from the dog liver perfused with Tyrode and 
injected with cobra venom. 

Blood perfusions. 

In the second series of experiments diluted blood (see Method) was used. 
The concentration of salicylate was 65 or 90 mg. p.c. With 65 mg. p.c. no 
influence on histamine release was detected. This is shown in Table 1 (exp. 
5, 7 and 10). The average output from the “control” liver was 3-1 yg. his- 
tamine units and from the salicylate perfused liver was 3-9 yg. histamine. 
The output of histamine from the blood perfused organ was greater than from 
the Tyrode perfused organ. In the absence of large amounts of heparin, the 
feature has already been observed (Rocha e Silva, Scroggie, Fidlar and Jaques, 





2“Plasmosan” contains polyvinyl pyrollidone, 3-5 p.c. w/v and salts similar in distri- 
bution to human plasma. 
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TABLE 1. 
Output of histamine in yg. per mg. venom injected per mg. per gm. histamine content of organ. 
Histamine output 
Experiment Time Perfusion p.c. Salicylate Control lobe Salicylate lobe 

2 $ hr. Tyrode 100 mg. 0-26 0-50 
1 1 hr. Tyrode 100 mg. 2: 2-5 
a 2 hr. Tyrode 100 mg. 2-7 2-7 
Av. 1-7 1-9 

5 2 hr. p.v.p. & 
Blood 65 mg. 4-9 7-1 
7 2 hr. p.v.p. & 

Biood 65 mg. 2-5 2-6 
10 2 hr. Blood 65 mg. 2-0 2-1 
Av. 3-1 3-9 
8 2 hr. Blood 90 mg. 5-1 2-0 

9 2 hr. Blood 90 mg. 1-9 0-87 
ll 2 hr. Blood 90 mg. 2-9 2-4 
Av. 3:3 4-7 

12* 2 hr. Blood 90 mg. 1-2 0-86 
Av. 2-8 1-5 























* Indian Venom. 


1947; Trethewie, 1949). Also slightly larger amounts of histamine were liber- 
ated from the lobus centralis; probably because this lobe is perfused later, since 
a further cannulation of the portal vein in the porta hepatis is required to 
perfuse it, and during this period the perfusion flow is interrupted. In experi- 
ments 5 and 7 polyvinyl pyrollidone and diluted blood both were used in the 
perfusing fluid: in exp. 10 diluted blood alone was used. This did not affect 
the output of histamine (Table 1). In later experiments the polyvinyl pyrolli- 
done was not used. 

When the concentration of salicylate was increased to 90 mg. p.c. there was 
a marked reduction in the output of histamine from the salicylate perfused liver 
lobe. There were 2-8 histamine units from the control liver lobe and 1-5 units 
from the salicylate perfused lobe, on the average. The perfusions lasted two 
hours in each instance. If we compare two-hour Tyrode and blood perfusions 
with and without salicylate where C.S.L. venom alone was used (the toxicity 
of the Indian sample being different, we cannot logically compare the histamine 
output per unit of this venom with the C.S.L. venom), we obtain the figures as 
in Table 2. It is noted that while the blood perfusions yield a slightly greater 
output of histamine than the Tyrode perfusions, and the lobus centralis also 
yielded a slightly greater output with 65 mg. salicylate p.c., as was found in 
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TABLE 2. 


Average output of histamine in 2 hour perfusions. (C.S.L. venom). 
(Output unit as in Table 1.) 





Histamine output 








Perfusion p.c. Salicylate Control Salicylate 
Tyrode 100 mg. 2-7 2-7 
Blood 65 mg. 3-1 3-9 
Blood 90 mg. 2-3 1-7 














control perfusions (Trethewie, 1939) and has also been noted above in this 
paper, there was a significant gross reduction of output in the instances where 
90 mg. salicylate p.c. was perfused in the blood perfusion. It is apparent that 
Tyrode perfusions give identical outputs, while with blood perfusions the out- 
put of histamine is halved in the presence of salicylate. 


DISCUSSION. 


Specific inhibition of the antigen-antibody reaction and the inhibition of 
the release of H-substances by salicylate is well-authenticated (Castex, 1950; 
Coburn and Kapp, 1943; Reimann, Laquer and Ulagay, 1951; Trethewie, 1951). 
It has been stated by Kelemen, Majoros, Ivanyi and Kovacs (1950) that salicy- 
lates release cortisone and so affect tissue injury responses. Later work failed 
to show that either ACTH or cortisone appeared in increased amounts in blood 
or urine during massive salicylate therapy (Bayliss, and Steinbeck, 1954). 
Nevertheless, it has been suggested (Whelan, 1958) that salicylates, when given 
to the intact organism, do affect tissue injury responses in some way different 
from that indicated by in vitro studies. We already have shown (Trethewie, 
1951; Trethewie and Rumberg, 1959) that salicylate causes inhibition of the 
antigen-antibody reaction in the intact organ at a much lower concentration than 
it does in vitro. In the studies recorded in the present paper the significant 
inhibitory effect of salicylate on a non-specific tissue injury (snake-venom) was 
found to occur with the blood-perfused organ when the concentration was high 
(90 mg. p.c.). Such inhibition did not occur in the absence of blood in the 
perfusing fluid. 

The equality of the concentration causing inhibition in in vitro anaphylaxis 
and in blood-perfused tissue injury responses suggests that the inhibitory mech- 
anism may be similar in the two instances. The common denominator is blood 
plasma, since no cells are present in the in vitro anaphylactic response. 


Modifying effects of tissue injurious substances on plasma protein have 
already been described (Rocha e Silva et al., 1947) and it has been suggested 
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that such a reaction increases the damage f a tissue-injurious agent. It may, 
therefore, be that salicylate modifies plasma protein in high concentration and 
so reduces this added damaging agent in tissue injury.? The reduction of injury 
by salicylate in the presence of blood to still less than that with Tyrode alone, 
unless it is due to heparin, also suggests a further mechanism is operative. 
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3In a paper published after this paper was sent to press, Spector and Willoughby (J. 
Path. Bact. (1959): 78, p. 121) suggest that salicylate inhibits endogenous me 
increasing capillary permeability by activation of permeability-increasing globulins. 


anisms, 
. . . . This 
is in agreement with our conclusions. 























et ane 








THE EFFECT OF CORTISONE ON THE RELEASE 
OF GASTRIC ACID BY HISTAMINE! 


by E. R. TRETHEWIE 
(From the Department of Physiology, University of Melbourne). 


(Accepted for publication 3rd September, 1959. ) 


SUMMARY. 


No particular increase in the concentration of gastric acid output has been observed even 
after large doses of cortisone. With large doses of histamine, in animals protected with anti- 
histamine, hydrocortisone is associated with an increase in the volume of juice secreted, but 
there is no increase in acid concentration secreted. It is suggested that the damage of per- 
foration or bleeding in peptic ulcer patients treated with cortisone may be due to cortisone 
inhibition of substances associated with healing rather than an effect on acid secretion. 


INTRODUCTION. 


Spiegelhoff (1953) pointed out that cortisone causes an increase in the resting 
acid secreted by the stomach in man when the pituitary and suprarenal glands 
are healthy. It has been reported clinically as unwise to give cortisone therapy 
except in special instances in the presence of peptic ulceration owing to the 
danger of perforation or bleeding from increased acid secretion. In this paper 
an attempt has been made to determine if cortisone increases the acid output 
following the injection of histamine. 


METHOp. 


Cats were decerebrated fol!sing chloroform and ether anaesthesia, and time allowed 
for the anaesthetic to be blown off. The stomach was delivered through a left Kocher incision. 
A butterfly catheter, cut off to 3 cm. length, was tied into the anterior wall of the stomach 
at the level of the Incisura. The pylorus was tied off, as was the lower end of the oesophagus, 
care being taken to avoid obstructing blood vessels. A cannula was tied into the femoral 
vein after dividing the saphenous nerve. 


Except in the first experiment when it was omitted, practically all of the gastric content 
was aspirated by washing 4 ml. saline in and out of the stomach four times with a syringe. 
Samples were thus collected at 10 or 15 minute intervals and this represented the total 
secretion. Each sample of gastric content was titrated with N/40 NaOH using Tépfer’s 
reagent as indicator; 10 ml. therefore represents an output of 0-25 mEq HCI. 





1 Technical assistance for this work was aided by a grant from the National Health and 
Medical Research Council of Australia. 


Aust. J. exp. Biol. (1959), 37, pp. 573-580. 
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Histamine was injected intravenously in one series of experiments in order to give the 
second injection sooner after the first than would be possible with subcutaneous injections. 
This ensures that the condition of the animal is more comparable for each injection. The 
interval between the two histamine injections was 40-50 minutes in this series of experiments 
and gastric juice was collected for 65-165 minutes. 

In a second series of experiments the animal was protected from vascular histaminic 
effects by the injection of anti-histamine (25 mg. Benadryl) intravenously at the commence- 
ment of the experiment. Here the interval between histamine injections was 60-110 minutes. 
This technique allowed a larger dose of histamine to be given and has in effect been used to 
allow the intravenous injections of very large doses such as produce rapid peptic ulceration 
in the stomach of dogs. 

In a third series of experiments histamine was injected subcutaneously and the interval 
between the two injections was 3% hours, gastric juice being collected for seven hours. 

The effect of cortisone as cortone acetate and hydrocortisone was tested by injecting 
the substance intravenously before either the first or second histamine injection, and com- 
paring the outputs of acid following each injection of histamine. Control experiments were 
also carried out where histamine was given intravenously or subcutaneously without cor- 
tisone. The effect of cortisone alone was also tested without histamine being injected. His- 
tamine was injected as histamine acid phosphate (1 mg./ml. B.D.H.). Cortisone was in- 
jected as Cortone acetate (25 mg./mi., Evans). Soluble hydro-cortisone was injected as 
Solu-cortef (100 mg./ml., Upjohn). 


EXPERIMENTAL. 
Intravenous histamine. 


Gastric juice was collected from twelve decerebrated cats. In two instances 
samples were collected without making any injection. In two instances two in- 
jections of equal amounts of histamine were given with an interval of 30-110 
minutes between. In four instances histamine and cortisone followed by his- 
tamine were injected; in two of these the single histamine injection was given 
first, and in the other two the cortisone (followed by histamine) injection was 
given first. In three instances Solu-cortef followed by histamine, and histamine 
injections were given. In one experiment Solu-cortef only was injected. All 
injections were made intravenously. 

The output of acid following a second intravenous histamine injection given 
4-1 hour after the first is reduced. It is necessary, for comparison, to inject his- 
tamine and cortisone as the first injection in one animal and as the second in- 
jection in the other. These findings are recorded in Table 1. In this way falling 
output from repeated histamine injections which might otherwise obscure the 
result, is recognised. This fall may be due to depletion of some factor or 
reduced sensitivity. 

In the four experiments with cortone acetate, the outputs, as measured in 
this way, showed no significant difference in acid output whether cortisone 
preceded the histamine injection or not. The average output following histamine 
injection alone was 0-09 mEq HCl and 0-11 mEq following histamine injected 
immediately after cortisone. This is also illustrated in Fig. 1. 

















CORTISONE AND GASTRIC ACID 575 


TABLE 1. 
Acid output expressed as milli-equivalents with and without cortisone injection. 




































































| 
Intravenous histamine | Experiment | Ist histamine inj. 2nd histamine inj. 
1* 0-01 0-003C.A. 
2 0-110.A. 0-02 
8 | 0-080.A. 0-10 
9 | 0-04 | 0-03C-A. 
10 0-148 0-15 
| 11 0-14 | 0-068 
13 0-06 0-268 
Average output with cortisone | 0-11 
Average output without cortisone 0-09 
_ ——<—$ | _—___ eae 
Intravenous histamine and 16 0-13 0-185 
antihistamine (Benadryl). 18 0-758 | 0-47 
Average output with cortisone 0-47 
| Average output without cortisone 0-30 
Subcutancous histamine 20 1-46 0-36 
| 21 2-58 1-15 
22 1-74 2-27C.A. 
23 1-23C.A. 1-16 
| Average output with cortisone 1-75 
| Average output without cortisone 1-45 
Average increase with cortisone i.v. 22 p.c. 
i.v.+antihistamine 57 p.c. 
8.c. 20 p.c. 


* Stomach contents not washed out—aspiration only. 
C.A.=cortone acetate injected. 
S=Solu-cortef injected. 


In Exp. 2 (Fig. la) 0-4 mg. of histamine 12 minutes after 5 mg. cortisone 
iv. yielded an output of 0-11 mEq acid above the preceding level, while the 
succeeding histamine injection yielded 0:02 mEq acid above the preceding 
level. In Exp. 8 (Fig. 1b), 0-25 mg. of histamine (which was given six minutes 
after 10 mg. cortisone i-v.) yielded an output of 0-08 mEq acid above the rest- 
ing level 0-40 minutes after injection, while the succeeding histamine injection 
(0-25 mg.) yielded 0-10 mEq above the preceding level. The average increase 
in acid output in the presence of cortisone in these experiments was 22 p.c. In 
Fig. 1 (e) it is noted that the output following the injection of 70 mg. Solu-cortef 
i.v. and 0-19 mg. histamine i.v. three minutes later was 0-14 mEq acid above 
the preceding level, and following the second histamine injection the output of 
acid was 0-15 mEq. For comparison the outputs of acid without injecting 
histamine or cortisone are shown in Fig. 1 (c). Also the negligible influence of 
70 mg. Solu-cortef i.v. alone is shown in Fig. 1 (d). There is thus no increase 
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Fig. 1. Output of hydrochloric acid in milli-equivalents. Ordinate: 
Output in mEq. Abscissa: time in minutes. (a): Output in exp. 2. At C 
5 mg. Solu-cortef and at H 4 mg. histamine injected i.v. (b): Output in 
exp. 8. At C 10 mg. Cortone acetate and at H 0-25 mg. histamine injected 
iv. (c): Output in control exp. 12. (d): Output in control exp. 14 
where 70 mg. Solu-cortef only was injected iv. (e): Output in exp. 10. At 
S 70 mg. Solu-cortef and at H 0-19 mg. histamine injected i.v. 


in the amount of acid secreted following the injection of soluble cortisone (Solu- 
cortef) even in high dosage. 


Intravenous histamine in the anti-histamine protected animal. 


When the animal is protected by anti-histamine a larger dose of histamine 
(0-7 mg.) can be injected. The acid is secreted also over a longer period pos- 
sibly because vascular effects of histamine are inhibited and more histamine still 
reaches the gastric cells. It is noted (Table 1) that the output of HCl equalled 
0-13 mEq in Exp. 16 (Fig. 2a) following the injection of 0-7 mg. histamine 
and 0-18 mEq following the second injection of histamine which was given 
four minutes after the intravenous injection of 70 mg. Solu-cortef. 2-5 ml. juice 
was secreted in response to the first and 2-7 ml. to the second injection. Like- 
wise in Exp. 18 (Fig. 2b) 0-75 mEq HCl was released by 0-7 mg. histamine 
four minutes after 70 mg. Solu-cortef and 0-47 mEq by the second histamine 
injection alone. 11-5 ml. juice was secreted by the former and 4-3 ml. by the 
latter. 
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The average increase in acid out- me 
put in the presence of hydrocortisone WH st 
in these experiments where the ani- J 
mals were protected by Benadryl was La (a) 
75 p.c. As will appear later, this was 
accounted for by the increase in vol- Ol 
ume of gastric juice secreted. 





ais OO : 
Subcutaneous histamine. 60 120 


Gastric juice was collected from six 


decerebrated cats. In one subcutane- meq, Minutes 
ous saline alone was injected; in one, ih H ¢b) 
subcutaneous and intravenous saline 1 


was injected. In two, histamine only, 
given subcutaneously, was injected; O-l 
and in two, intravenous cortisone and 
subcutaneous histamine was also in- 


jected. 
Following the subcutaneous injec- 60 120 BO 


tion of histamine (0-35-1 mg.) the Minutes 
output of acid lasts for approximately Fig. 2. Output of hydrochloric acid in milli- 


two hours (Fig. 3b, c). The output equivalents. Abscissa: as in Fig. 1. (a): Out- 
following a second injection is less = aT aoe Lp 4 H 0-7 ng. om 
than one half that following the first. tamine injected i.v. and at S 70 mg. Solu- 
For example, in Exp. 20 (Fig. 3b), ome injected ie soy ea <5 
1-46 mEq HCI were secreted in re- _jnjected iv. At $ 70 mg. Solu-cortef injected 
sponse to the first injection of 1 mg. iv. and at H 0-7 mg. histamine injected i.v. 
histamine subcutaneously and 0-36 

mEq to the second injection. In Exp. 21 (Fig. lc), the output of acid was 2-58 
mEq following the first injection of 0-35 mg. histamine subcutaneously and 1-15 
mEq in response to the second given 3% hours after the first. No significant out- 
put of acid followed the subcutaneous injection of saline alone (Fig. 3a) nor 
following subcutaneous and intravenous injections of saline. 

In the case where cortone acetate was injected intravenously before the 
second histamine injection (Exp. 22) (Fig. 3d) the output of acid was greater 
than that to the first histamine injection alone, namely, 2-27 mEq compared 
with 1-74 mEq. 

In the instance where cortone acetate was injected intravenously before the 
first histamine injection (Exp. 23) (Fig. 3e), the output of acid was only slightly 
greater than that following the second injection of histamine, being 1-23 and 
1-16 mEq respectively. It is probable, therefore, that in this experiment cor- 
tisone was still producing some effect, though reduced in intensity, at three to 
five hours, i.e., following the second injection of histamine. 
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Fig. 3. Output of hydrochloric acid in milli-equivalents. Abscissa and 
ordinates as in Fig. 1. (a): Control experiment 24. Sal: saline only in- 
jected subcutaneously. (b): Output of acid in mEq in exp. 20. At H 1 
mg. histamine injected s.c. (c): Output of acid in mEq in exp. 21. At 
H 0-35 mg. histamine injected s.c. (d): Output of acid in mEq in exp. 22. 
At H_ 0-35 mg. histamine injected s.c. and at C 25 mg. Cortone acetate in- 
jected iv. (e): Output of acid in mEq in exp. 23. At C 25 mg. Cor- 
tone acetate injected i.v. and at H 0-35 mg. histamine injected s.c. 
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Fig. 4. Volume of juice secreted in ml. (ordinate) from experiments 
24 (a), 20 (b), 21 (c), 22 (d), 23 (e). Abscissa: as in Fig. 1. At Sal, 
H and C injections exactly as in Fig. 3, 
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It is apparent that the reduced output of acid following the second injection 
no longer occurs in the presence of cortisone, but the effect is somewhat masked 
when cortisone is given first by continuance of its influence during the second 
injection. These findings are illustrated in Fig. 3 and Table 1. 


HCl concentration. (Intravenous histamine. ) 


It is evident from Table 1 that only about 1/10 of the acid secreted was 
obtained in the sample when the gastric contents were not washed out. It was 
because this was suspected that the stomach was washed out in subsequent 
experiments. In the second experiment, while the volume first aspirated was 
measured, the content was mixed with the wash-out fluid and so any estimate 
of the HCl concentration as secreted was not possible. In the succeeding experi- 
ments where all of the fluid was mixed, the estimation of the volume secreted 
by difference from the wash-out volume cannot give the actual volume secreted 
as, sometimes, 0-1 ml. fluid less was obtained than the 4-0 ml. washed out. 


In the experiment where concentration was measured (Exp. 1) the HCl 
concentration following the injection of intravenous uistamine was N/100 imme- 
diately after the injection following on no free HCl] immediately preceding in- 
jection. The concentrations measured, in each succeeding ten minutes, were N/50, 
N/44, N/143 and N/120 when the second histamine injection (given immediately 
after cortisone intravenously) yielded an output of N/80 HCl followed by 
N/150, N/200 and N/250 for each succeeding ten minutes. 


Volume of juice secreted. (Subcutaneous histamine.) 


When the output of juice, as measured by difference in volume from the 
4 ml. wash-out volume, was 1 ml. or over per sample, an estimate of the con- 
centration of HCl secreted can be made; but with small volumes of 0-2-0-3 ml. 
small errors in the volume retained in the stomach would make large errors in 
the estimated acid concentration. The total output of acid, on the other hand, 
is reasonably accurately measured as the stomach is continually washed out for 
seven hours, and the amount of acid in the first and last samples is small. Like- 
wise the total volume secreted is well estimated, as are individual samples if 
their volume is 1 ml. or over. 


When the volume of juice secreted following subcutaneous histamine in- 
jection is considered, it is recognized that the slightly increased output of acid 
in the presence of cortisone is due to the increased volume secreted. This is 
illustrated in Fig. 4, where the outputs of juice are placed in similar sequence 
to those in Fig. 3. 


When this is taken in conjunction with the findings referred to in Exp. 1 
(intravenous histamine), it is obvious that there is no significant increase in con- 
centration of acid secreted as a result of intravenous cortisone. 
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DISCUSSION. 


Moderate doses of histamine produce slightly greater outputs of acid in the 
gastric juice when cortisone is injected intravenously. When large doses of 
histamine are given after Benadryl, while the concentration of acid released is 
similar with and without Solu-cortef, nevertheless the volume of acid secreted 
is greater and the output is more prolonged. Subcutaneous histamine injections 
were associated also with slightly increased volumes of acid secreted in the 
presence of cortisone but of similar duration. It would appear that cortisone 
does not influence significantly the concentration of gastric acid secreted and 
therefore the inimical effect of cortisone in peptic ulcer patients must be looked 
for in some mechanism other than the secretion of acid. It would be quite 
reasonable to ascribe the tendency to perforation and haemorrhage te the inhi- 
bitory effect of cortisone on healing in the presence of peptic ulcers. It may 
also unmask symptomless ulcers by increasing the lesion similarly. One aspect 
of the influence of cortisone on the healing of wounds has been well-authen- 
ticated. This mechanism concerns production of sulphated polysaccharide. 
Normally such polysaccharide increases in concentration in the wound margin 
some four times over the level in the surrounding tissue. In the presence of 
cortisone, this increase is inhibited (Layton, Frankel, Sher, Scapa and Friedler, 
1958). The inhibition of the production of substances including protein asso- 
ciated with the healing of wounds in adult tissue could well account for the 
liability to perforation and haemorrhage in peptic ulcer patients receiving 
cortisone. 


REFERENCES. 
Layton, L. L., Frankel, D. R., Sher, I. H., Scapa, S., and Friedler, G. (1958): Nature, 181, 


p. 1543. 
Spiegelhoff, W. (1953): Klin. Woch., 31, p. 629. 
























TOXOPLASMA IN QUEENSLAND 
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SUMMARY. 


Complement-fixing antibodies were detected in 13 p.c. and dye-test antibodies in 24 
p.c. of 760 sera from the general population. 

The incidence of antibodies was less in a small series from western Queensland. 

Analysis by age suggests that dye-test antibodies do not persist permanently, as has been 
generally believed. 


Of 133 patients with diseases of the eye, 28 p.c. had complement-fixing antibodies and 
39 p.c. dye-test antibodies in their sera, while, in 215 patients with glandular conditions, the 
incidence was 19 p.c. and 24 p.c. respectively. 


Five cases of congenita] toxoplasmosis were diagnosed serologically in children with 
choroiditis, and a rise in titre was demonstrated in the serum of an adult with glandular 
enlargement. 


Dye-test antibodies were also found in the sera of 39 p.c. of 49 aborigines on the east 
coast of Cape York Peninsula. On the west coast, antibodies were detected in 19 p.c. of 
180 aborigines of the northern and central missions and in none of 60 in the south. Dye- 
test antibodies were also found in 23 p.c. of 83 Papuans. 


INTRODUCTION. 


In recent years, an increasing number of cases of toxoplasmosis has been 
recognized in Australia, including one from Queensland described by O'Reilly 
in 1954. Garven (1957) found that 26 p.c. of 1,000 * ‘ood donors in New South 
Wales and Victoria possessed dye-test antibodies. no Queensland, Toxoplasma 
has been isolated from bandicoots, several species of rats, phalanger (“possum”), 
crow, cat (Cook and Pope, 1959), and dog (Winter, 1958). As many of these 
animals have direct or indirect contact with the human population, it seemed 
likely that many people might have become infected. The present work began 
as a survey of the general, unselected population of Queensland by means of 
the complement fixation and dye tests. It was extended to include patients who 
were suspected of suffering from clinical toxoplasmosis, and subsequently to 
groups of presumably healthy natives of Cape York and Papua. 


Aust, J. exp. Biol. (1959), 37, pp. 581-592. 
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METHODS. 


Complement fixation tests were performed by the method described in an earlier paper 
(Cook and Pope, 1959). The lowest dilution of serum tested was 1:4, all titres being ex- 
pressed as the initial serum dilutions. As anti-complementary and non-specific sera cannot 
be considered to have been tested effectively, they are excluded whenever the percentage of 
positive sera is expressed. 

The dye test has been performed by the method described by Sabin et al. (1952), with 
modifications by Manning and Reid (1956) and other workers. The sera were not inacti- 
vated, all serum dilutions were made in 0-9 p.c. saline, and all sera were first screen-tested 
at three fourfold dilutions, the lowest being 1:16. Again, all titres are expressed as initial 
serum dilutions. 

Peritoneal exudate was obtained from five weeks old female mice which had been inocu- 
lated 72 hours previously with the RH strain of Toxoplasma. Accessory factor from human 
donors proved to be difficult to obtain, as only about 10 p.c. of the sera tested were found 
to be suitable. It was stored at —- 60° C., but did not retain its potency for more than four 
weeks. The antigen was prepared by adding one volume of exudate to four volumes of 
accessory factor. It was used immediately. No heparin was added to the exudate, as it 
was found that anticoagulant produced debris which made the microscopic examinations 
difficult. Frenkel (1956) experienced the same difficulty. 

Equal volumes of the serum dilutions and antigen were incubated in the water bath at 
37° C. for one hour, and then an equal volume of the dilute methylene blue solution of 
Brooke and Sulzer (1955) was added. Best results were obtained when the dye had been 
allowed to ripen for at least a week. All tests were read in the normal manner on the day 
of preparation, using the usual controls. The many difficulties encountered by various 
authors have also been experienced in this series, and have been considerably reduced by 
performing the test in the manner described above. 

The complement fixation test has proved to be more reliable technically, and the diffi- 
culties associated with it are less than with the dye test, in that the antigen is not viable, 
can be stored for long periods, and all the other reagents are readily obtainable and fairly 
stable. 


RESULTS. 


Survey of the general population. 


Sera have been tested from 760 donors in all age groups (Table 1). All 
sera from patients under the age of 40 (except for 74 children under the age of 
15 collected during an investigation at Toowoomba, and 51 donors collected 
on the Atherton Tableland), were obtained from the Laboratory of Micro- 
biology and Pathology, Queensland Department of Health and Home Affairs. 
They had been received from all parts of the State for routine Wasserman tests 
and the diagnosis of various diseases. In the older age groups, most of the sera 
were obtained from routine post-mortems performed at the same laboratory. 


The only deliberate bases for selection of these sera were, to ensure an 
adequate representation of all age groups, and to exclude all cases of suspected 
clinical toxoplasmosis. Both sexes were adequately represented. although females 
predominated in the under 40 age groups and males in the over 40 groups. This, 
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however, did not affect the results, as separate analysis showed that there was 
no significant difference between the sexes in incidence of positive reactions in 
either age bracket. Beverley et al. (1954), in England, also found no significant 
sex difference in the incidence of dye-test antibodies. 


Complement-fixing antibodies were detected in 13 p.c. and dye-test anti- 
bodies in 24 p.c. of these sera (Table 1). The most striking feature of the age 
distribution is the relatively low incidence of infection in the under 15 group, 
only 5 p.c. possessing complement-fixing antibodies and 11 p.c. dye-test anti- 
bodies. The rise in incidence of antibodies of both types in the 15-19 group 
(Fig. 1) suggests that post-natal infection usually occurs during this period. 
Subsequently, there is a gradual de- 
cline in the incidence of complement- 
fixing antibodies to reach 11 p.c. in 
those over 40. The incidence of dye- 
test antibodies shows some fluctua- 
tions, and is very similar to that ob- 
tained by Beverley et al. (1954), in 
that there was no significant differ- . — 
ence in the incidence of positive titres an eee ae aaa eee ar 
between the decades ae 20 years. Fig. 1. Incidence of antibodies to Toxo- 
A decrease in the incidence of com- plasma in the white population of Queensland. 
plement-fixing antibodies and an in- Solid line, complement- xing antibodies; broken 

‘ able line, dye-test antibodies. 
crease in the incidence of dye-test 
antibodies have been the usual findings in other countries (Gibson et al., 1956; 
Manning and Reid, 1956). 


Geographically, most of the sera came from centres in south-eastern Queens- 
land, with a vegetation of subtropical sclerophyll woodland or open forest and 
patches of rain forest, a predominantly summer rainfall averaging 40 in. per 
annum, and substantial populations of bandicoots, rats, and other known hosts 
of Toxoplasma. Complement-fixing antibodies were detected in 15 p.c. of 463 
sera effectively tested, and dye-test antibodies in 28 p.c. of 506 sera, from subjects 
over 15 years of age in this area. Sera were received from 95 subjects over 15 
years of age, in centres west of the Great Dividing range, where open, grassy 
plains and dry scrubs predominate, and the annual rainfall is less than 25 inches. 
Complement-fixing antibodies were detected in 9 p.c. of these sera and dye-test 
antibodies in 15 p.c. The incidence of dye-test antibodies is significantly lower 
than in the corresponding subjects east of the Divide, and the incidence of 
complement-fixing antibodies is lower, but not significantly so (P< -01 and 
> -30 respectively). Sera of 51 subjects on the Atherton Tableland in the 
north, where the environment changes rather rapidly from wet to dry on the 
western side, gave a complement-fixing antibody incidence of 9 p.c. and a 
dye-test antibody incidence of 31 p.c. 
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P«tients with suspected clinical toxoplasmosis. 


Many workers, including Frenkel (1954) in the U.S.A. and Smith and Ash- 
ton (1955) in England, have provided convincing evidence that toxoplasmosis is 
a cause of chorioretinitis. Skipper et al. (1954) also found that a proportion 
of patients with obscure lymphadenopathy, simulating glandular fever but giving 
a negative Paul-Bunnel reaction, were suffering from toxoplasmosis. Series of 
patients with these conditions were therefore included in the surveys, and the 
results compared with the findings from the general population. 

Ocular conditions. Ophthalmologists have forwarded sera from 133 patients 
with ocular conditions thought to have been manifestations of toxoplasmosis. 
These included chorioretinitis (most of the cases), pigmentary changes, and 
undiagnosed inflammation and loss of vision. The conditions were chronic in 
most patients, but of recent onset in some, and second sera were collected from 
these approximately one month after the first, in the hope of demonstrating a 
rise of titre. When the patients were less than six years of age, or there was 
any other suggestion that the condition might have been congenital, samples 
of serum were also collected from their mothers. 

The results obtained with these sera appear in Table 2. Complement-fixing 
antibodies were detected in 28 p.c. and dye-test antibodies in 39 p.c. These 
figures are considera’s'y higher than the results obtained from the general popu- 
lation. 

The most striking feature of the results is the high incide 2e of antibodies 
in the youngest and oldest age groups. The difference from the general inci- 
dence in the population is highly significant (P < -001) for both complement- 
fixing and dye-test antibodies in both age groups. The implications of this high 
incidence in the over 40 age group is not at this stage clear, but the high inci- 
dence in the youngest age group can, in part, be attributed to congenital in- 
fections (Table 4). Four of these five children gave high titres with both tests, 
and all showed signs of choroiditis. Four of the five mothers gave positive re- 
actions, and it is possible that antibodies had disappeared from the mother of 
the fifth child, who was five years of age. All of the mothers reported a normal 
pregnancy, and none had any association with sick animals, but all lived in areas 
where hosts of Toxoplasma were prevalent. The two children with the high 
complement-fixing titres of 1:128 lived in the wet, coastal strip of northern 
Queensland. 

Glandular conditions. Sera from 215 patients with glandular enlargement but 
negative Paul-Bunnel reactions were forwarded by the Laboratory of Micro- 
biology and Pathology. Many were collected within 14 days of the onset of the 
illness, and convalescent sera were usually not available. 

Complement-fixing antibodies were detected in 19 p.c. and dye-test anti- 
bodies in 24 p.c. of the sera tested (Table 3). The incidence is not notably 
different from that in the general population, except in the youngest age group, 
in which the difference is highly significant (P < -001 for complement fixation 
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TABLE 4. 
Serological results from five cases of suspected congenital toxoplasmosis. 
| Child’s serum | Mother’s serum 
Age | l | we . 
Patient | (years) | C. F. titre | D. T. titre | C. F. titre | D. T. titre Condition of child 
J.A. 5/12 1:64 1:2048 | 1:32 1:2048 Several areas suggesting 
| active choroiditis. 
M.D. 2 1:128 1:4096 1:8 1:128 “Wobbly eyes”; macular 
| choroiditis. 
J.S8. a 1:8 1:128 | 1:8 1:256 Gross choroiditis. 
M.M. 5 1:128 1:2048 | neg. | neg. Bilateral macrophthalmos, 
congenital cataracts, and 
macular choroiditis. 
K.W. 6 1:16 1:512 1:4 1:64 Congenital choroiditis. 




















and P < -01 for the dye test). However, the figures may not truly indicate the 
frequency of infection, as many of the sera were collected before antibodies 
would have been expected to reach significant levels. 

In the under 15 age group, there is little difference in incidence of anti- 
bodies between the sera collected within 14 days of onset and those collected 
after 14 days, suggesting that glandular conditions at this age may be exacer- 
bations of already established infections, possibly congenital. On the other 
hand, the incidence of antibodies in the over 15 group is greater, but not signi- 
icantly so (P > -10 for complement-fixation and > -05 for the dye test), in the 
group collected more than 14 days after onset, suggesting that glandular involve- 
ment in these patients may be primary. This suggestion receives some support 
from finding a fourfold increase in complement-fixing titre in a male, aged 25. 
His first serum, taken 14 days after a fever of unknown origin accompanied by 
glandular enlargement, gave a complement-fixing titre of 1:4 and a dye-test 
titre of 1:2048. Five months later, his complement-fixing titre had risen to 1:16, 
and his dye-test titre remained stationary. 


Aborigines on Cape York Peninsula. 


In the course of other investigations by the Institute, 240 sera from abori- 
gines living in missions on the west coast of Cape York Peninsula and 49 sera 
from the aborigines of the Lockhart River Mission on the east coast became avail- 
able for testing. As only small quantities of sera were available, they were 
tested by the dye test alone. 

The mission stations on the west coast are situated in three different geo- 
graphical regions. Those between 12 and 134° S. (Mapoon, Weipa and Auru- 
kun) are in residual, lateric podsols and sand-plains, covered by mallee forest, 
and having an average monsoonal rainfall of 60-70 in. per annum. Edward 
River and Mitchell River Missions (approx. 14° S.) are on low, sandy, tidal 
marshes covered by mallee forest and mangroves, and have a monsoonal rain- 
fall of 40-60 in. per annum. The missions in the south between 16-18° S. (Morn- 
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ington I., Burketown and Doomadgee) are in country similar to the River mis- 
sions, but have a lower average rainfall of 25-40 in. per annum. Sanitation in 
all these missions is primitive, and hookworm is prolific. Waterbirds and walla- 
bies are abundant, and the superintendents of the central and northern missions 
report that small native mammals are common. No information is available on 
the presence of these mammals at Burketown and Doomadgee, but Dr. M. J. 
Mackerras reports that they were uncommon on Mornington I. in 1951 and 1959. 

The Lockhart River Mission on the east coast (about 13° S.) has a wet 
tropical climate, and is adjacent to rain forest with an annual rainfall of 50-70 
in. Contact with animals is relatively close. Native rats occur, and the natives 
supplement their diet with wild pig, wallaby and bandicoot. 

It can be seen from Table 5 that the incidence of dye-test antibodies de- 
creases from north to south on the west coast, and is little lower in the children 
than in the adults. It is, in fact, about the same in northern and central adults, 
but relatively high in children, as compared with the general white population 
east of the Dividing Range. The incidence is higher at the Lockhart River 
Mission than on the west coast, but agrees in being practically identical in the 
two age groups, reinforcing the suggestion that natives tend to become infected 
much younger than white people living under more civilized conditions. 


Papuans. 

Sera collected from 83 Papuans during a leptospiral survey of the Popon- 
detta district were examined by the dye test. Popondetta is situated amid rain 
forest, and has an annual rainfall of 100-150 in. No information about the 
presence of native animals, other than a few local species of rats, is available. 
The donors were mostly in the 15-40 age group, and it can be seen from Table 
5 that the incidence of dye-test antibodies of 23 p.c. is comparable with that of 
the general population of south-eastern Queensland. 

This appears to be the first record of infections with Toxoplasma in New 
Guinea. 

DISCUSSION. 


The results of the surveys are summarized in Table 6. Their validity de- 
pends entirely on the specificity of the serological methods used, as there were 
no isolations of Toxoplasma to support them. In an earlier study, Pope et al. 
(1957) obtained good correlation between isolation of the organism and the 
presence of complement-fixing antibodies in serum, and concluded that the 
complement fixation test was a reliable method of identifying infections in small 
mammals. Awad (1954) and others have doubted the specificity of the dye test, 
but the evidence of Cathie (1957) suggests that both tests are quite specific, 
although final diagnosis should rest on the results of complement fixation. 
Thiermann et al. (1958) have provided good evidence that syphilitic antibodies 
do not interfere with either test, so the fact that most of the sera in the 15-40 
age groups of the general survey were originally collected for routine Wasser- 
man tests (nearly all were negative) should not have introduced any risk of 
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TABLE 6. 
Summary of results of Toxoplasma serological surveys. 
Numbers effectively 
tested p.c. positive 
Population Age groups | (. F. test | Dye test | C. F. test | Dye test 
Normal white Under 15 110 112 5 11 
15 and over 596 648 14 27 
Suspected ocular toxoplasmosis Under 15 36 39 31 38 
15 and over 79 94 27 39 
Suspected glandular Under 15 80 88 25 27 
toxoplasmosis 15 and over 118 127 15 21 
Aborigines, west coast Under 15 _ 72 ~ 21 
—northern 15 and over - 23 _ 22 
—central Under 15 _ 55 ~ 15 
15 and over -- 30 a 20 
} 
—southern Under 15 — 59 — _— 
15 and over — 1 - - 
Aborigines, east coast Under 15 — 19 os 42 
15 and over — 30 -- 37 
Papuans All ages - | 83 _ 23 
| 





error. If one accepts, then, the findings that the presence of antibodies in the 
serum indicates past or present infection, it becomes evident from Table 6 that 
a significant proportion of the population on the east coast of Queensland has 
been infected. 


Jacobs (1957) has suggested that toxoplasmosis is more prevalent in moist, 
warm areas than in hot or cold, dry areas, and a survey of animals in Queensland 
(Cook and Pope, 1959) has shown no evidence of infection west of the Dividing 
Range. In the present series, the incidence of antibodies was considerably 
lower in sera from west of the Divide than in those from the east coast, both in 
the samples from white people in central and southern Queensland, and from 
the aborigines further north. The earlier history and possible movements of the 
white donors is not known, but at least some of the children in the relatively wet 
northern and central Gulf missions must have acquired their infections locally. 

Climate and vegetation may not be the only factors accounting for these 
differences—the distribution and abundance of animal hosts are probably equally 
important. More detailed studies of them, and of the distribution of infection 
in New Guinea, will be necessary before final conclusions can be drawn. 

It is difficult to reconcile the age distribution of antibodies in the general 
population with the current view that complement-fixing antibodies disappear 
within five years, whereas dye-test antibodies persist indefinitely. It is clear, 
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from Table 1 and Fig. 1, that much infection takes place during the first 20 years 
of life. If complement-fixing antibodies disappear within five (or even ten) 
years, it would follow that many people become infected in each subsequent 
decade of age. On the other hand, if dye-test antibodies persist for life, Table 1 
would indicate that very few infections occur after the age of 19. These con- 
flicting deductions could be reconciled by postulating that dye-test antibodies 
persist, on the average, only about twice as long as complement-fixing antibodies. 
This would seem to be a not unreasonable assumption in the light of our present, 
rather meagre knowledge of the host-parasite relationship in toxoplasmosis. 

The studies of infections in animals (Pope et al., 1957; Cook and Pope, 1959) 
led us to expect that there would probably be many infections in the human 
population. The results reported here have confirmed that expectation, and 
have raised the further expectation that clinical toxoplasmosis might also be 
more common than had been thought. The preliminary survey of clinical 
material so far undertaken suggests that there is an appreciable amount of 
ocular and glandular toxoplasmosis in the community, particularly in the young. 
It is intended to continue this work, and extend it to other syndromes, in an 
attempt to define the true clinical and public health significance of the disease 
in Queensland. 
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A HIGH FREQUENCY PULSE GENERATOR FOR INJURING 
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SUMMARY. 


A radio-frequency pulse generator capable of inflicting variable but reproducible thermal 
injuries on tissue within the Sandison-Clark rabbit ear chamber is described. A technique 
facilitating the production of very small injuries at any chosen site within the ear chamber 
is outlined. Some of the applications for the technique are discussed. 


INTRODUCTION. 


Since the middle of last century when Addison (1843), Waller (1846) and 
Cohnheim (1889) made their observations, biologists have been interested in 
observing microscopically the series of changes which occur following damage to 
living tissue, and have adopted various techniques. The earlier investigators 
used trans-illuminated stretched out frog’s tongue or the web of the frog’s foot. 
Mammalian tissue (stretched out rat mesentery) was studied by Thoma (1878). 
However, this type of preparation, while allowing direct access to the tissue, 
does not permit long-term experiments. 


In 1924, J. C. Sandison, working in the Clarks’ laboratory, made the first 
rabbit ear chamber. Then it was possible to make long-term microscopic ob- 
servations on mammalian tissue. However, it made the problem of damaging 
the tissue more difficult. Sandison (1931) damaged the tissue by pressure trans- 
mitted through the mica cover. Abell and Clark (1932) designed the “moat” 
chamber, which allowed contact between any desired test fluid and the living 
tissue. Ebert, Ahern and Bloch (1948) and Sanders, Dodson and Florey (1954) 
used chambers having in the chamber base an access opening through which 
living micro-organisms were introduced. Allison, Smith and Wood (1955) em- 
ployed a chamber having a short length of platinum wire incorporated in its 
base and by heating the protruding end of the wire heat was transmitted to 
the tissue. 
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The technique described in this paper was developed originally to study 
details of platelet deposition on the acutely injured walls of small blood vessels 
within rabbit ear chambers. For this purpose the methods of damaging already 
described were not suitable as it was desired to be able to select any small blood 
vessel within the chamber area and subject it to a very small injury. 


Following a suggestion that “diathermy” current be used, preliminary tests 
were made using an Oudin coil type of high frequency oscillator. This was 
connected to an electrode placed on the mica cover of the ear chamber over the 
“target” vessel. The results were unsatisfactory as the high voltage produced by 
this type of generator punctured the mica cover and then grossly damaged the 
underlying tissue. To overcome these disadvantages a high frequency valve 
oscillator with controls for discharge intensity and discharge duration, which 
could be pre-set before pressing the discharge button, was constructed. 


EXPERIMENTAL. 


The radio frequency generator. 


Technical description. The apperatus consists of (i) a high voltage radio- 
frequency generator, (ii) a cathode coupled flip-flop, and (iii) a power supply 
(Fig 1). 

A valve oscillator with a step-up transformer is used to generate the high 
voltage, the circuit being similar to those used in radio frequency power sup- 
plies for cathode ray tubes. Frequency of operation is determined by the induct- 
ance of the secondary high voltage winding tuned by it: self-capacitance, the 
circuit capacitance, and the capacitance of the coaxial output cable. The out- 
put voltages can be controlled conveniently over a wide range by the oscillator 
tuning condenser Cl. Normally, the oscillator valve is cut off by the voltage 
drop across R, but by pressing S (which triggers the flip-flop), it can be made 
to conduct. The time for which it remains in the conducting state is varied by 
‘means of the potentiometer P2. 

A single power transformer provides the two voltages necessary, a separate 
filament winding being used for the 6SN7 heater supply. 


Practical construction. The apparatus was constructed on a 10-in. x 6-in. aluminium 
chassis with the controls and a coaxial output connector on the front panel. For the step-up 
transformer in the oscillator, a 2K.V. C.R.O. power supply coil designed to operate nominally 
at 1 megacycle was utilized; however, the actual frequency was ‘considerably lower, due to 
the long output cable. This coil was mounted under the chassis near the 6V6 valve socket, 
in a shielded compartment. 

It was found necessary to employ a condenser having a low capacity to earth in the 
flip-flop time constant circuit. 
Operatiug conditions: 

(1) Power supplies: 
Positive + 330V. 
Negative — 290V. 
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Fig. 1. Circuit diagram of high frequency generator. 
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Fig. 2. Cross-section of electrode holder showing principle of construction. 
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(2) Output voltage: 
Output voltage measured at the end of the electrode with the flip-flop 
valve out. Input impedence of H.F. voltmeter > 10MQ, < 3pF (see 
Table 1). 

(3) Oscillator frequency: 310Kce. 

(4) Pulse duration: 
Minimum 80 ms. 
Maximum 220 ms. 


TABLE 1. 
Output voltages. 





Output control setting 








| 
Load Minimum | Maximum 
No load 620 Vs 1000 V 
1 MQ resistor between end of electrode and chassis 300 V 500 V 





The eiectrode and electrode holder. 


The electrode which is connected to the generator by a flexible coaxial cable 
is made from 34 A.W.G. enamelled steel wire. It is supported over most of its 
length by fine stainless steel tubing (0-5 mm. O.D.), the wire being carried 
within the lumen of the tubing. The tip of the electrode is freed of enamel 
and electrolyzed to a very fine point. To facilitate changeover of damaged elec- 
trodes an electrode holder, which will take replacement electrodes as a simple 
push fit, is used. The diagram (Fig. 2) illustrates the main features. The outer 
stainless steel tube (1-0 mm. O.D.) is soldered to the copper core of the coaxial 
cable. An outer plastic shield supports this joint. 

The electrode wire is passed through the inner stainless steel tubing, ap- 
proximately 1 cm. of it projecting at one end and about 3 cm. at the other. 
The latter length of wire is freed of its covering enamel and then bent back 
along the tubing. Then the tubing, together with the wire, is pushed into the 
larger bore stainless steel tubing. This type of electrode holder makes it possible 
to replace a damaged electrode in a few seconds. 

The micromanipulator. 

A stable micromanipulator is necessary to hold the electrode steady and in 
position over the appropriate point. The Saunders-Singer (Barer and Saunders- 
Singer, 1948) type was found to be most suitable. 

The electrode holder is attached to the micromanipulator through a right- 
angle aluminium arm which has attached at its top end a small pair of engineer's 
dividers with the points removed. The electrode holder is attached to the 
upper arm of the dividers which give a coarse vertical adjustment to the elec- 
trode. A finer vertical adjustment is given by the knurled knob on the base 
of the micromanipulator. 
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Fig. 3. Apparatus as arranged for use. Microscope has been turned about to demonstrate 
electronic flash tube. 





Figs. 4 and 5. Photomicrographs of vessel in ear chamber before and five minutes after 


injury. (x 525.) 
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Procedure for damaging tissue. 


The apparatus is arranged on a vibration-free flat bench (Fig. 3). The 
rabbit is placed in a wooden rabbit box (Essex, 1948; Van den Brenk, 1956) on 
one side of the microscope. The ear chamber is held in position on the micro- 
scope stage by a suitable ear chamber holder (Sanders, Dodson and Florey, 
1954) attached to the mechanical stage. High frequency generator and micro- 
manipulator are placed on the other side of the microscope. The high fre- 
quency generator is turned on some 10 minutes before use to allow the valves to 
stabilize. The ear chamber tissue is examined microscopically to determine a 
suitable “target” area which is then placed in the centre of the field. Photo- 
micrographs of this area may be taken at this stage (Fig. 4). Using both fine 
and coarse vertical controls, the electrode tip is raised 1 to 2 cm. above the level 
of the chamber top. The electrode tip is brought into the centre of the field 
above the target zone and then, by means of the coarse vertical control, lowered 
to within 1 mm. of the mica cover. Using the low power (10X) objective the 
tip is centred accurately over the target area before using the fine vertical 
control to lower it gently on to the mica cover. When the pulse intensity and 
duration controls are set for the desixed amount of damage the discharge button 
is pressed. After the discharge the electrode is raised and moved away prior to 
further examination and photomicrography (Fig. 5). While the mica cover 
may be scratched by the tip of the electrode, the mica is not perforated by the 
high frequency discharge. The area of tissue damaged is approximately circular 
and when using mica covers of 40, thickness can be made as small as 100» in 
diameter. Larger areas of damage are produced by altering the intensity and 
duration control settings. 

DISCUSSION. 

The apparatus described is capable of providing acute, small, aseptic in- 
juries to tissue anywhere within the rabbit ear chamber. Injuries made are 
readily reproducible within the one chamber and, provided the thickness of the 
mica cover is standardized, from one chamber to another. 

As the mica remains unperforated, air-borne infection of the injured tissue 
is prevented. This is important when one wishes to study a discrete thermal 
injury uncomplicated by any other type of injury. In addition, freedom from 
sepsis results in prolongation of the life of the chamber, enabling observations 
of tissue changes following injury to be continued over extended periods. 

Abil::y to choose accurate’y the site of injury, with the provision that the 
area of damage be kept small, allows one chamber to be used for several experi- 
ments. This accuracy in localization is of great advantage when one wishes to 
damage some particular element of the connective tissue, such as a small group 
of macrophages or fibroblasts. 

The minuteness of the area of damage is of value when wishing to observe 
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cytological detail following injury of a few cells, while larger areas may be used 
when study of the fully developed inflammatory response is desired. 


Acknowledgments. We wish to acknowledge with gratitude the valuable assistance re- 
ceived from Dr. F. Hirst of the Computation Laboratory and from Mr. P. Walsh of the 
Physics Department, University of Melbourne. 


REFERENCES. 


Abell, R. G., and Clark, E. R. (1932): Anat. Rec., 53, p. 121. 

Addison, W. (1843): Trams. prov. med. surg. Ass., 11, p. 233. 

Allison, F., Jr., Smith, M. R., and Wood, W. B., Jr. (1955): J. exp. Med., 102, p. 655. 

Barer, R., and Saunders-Singer, A. E. (1948): Quart. J. micr. Sci., 89, p. 439. 

Cohnheim, J. (1889): Lectures on General Pathology. The New Sydenham Society, London, 
vol. 1, 2nd edition. 

Ebert, R. H., Ahern, J. J., and Bloch, R. G. (1948): Proc. Soc. exp. biol. (N.Y.), 68, p. 625. 

Essex, H. E. (1948): “Transparent Chamber Technique” in Methods in Medical Research. 
V. R. Potter, ed. The Year Book Publishers, Inc., Chicago. 

Sanders, A. G., Dodson, L. F., and Florey, H. W. (1954): Brit. J. exp. Path., 35, p. 331. 

Sandison, J. C. (1924): Anat. Rec., 28, p. 281. 

Sandison, J. C. (1931): Ibid., 50, p. 355. 

Thoma, R. (1878): Arch. path. Anat., 74, p. 360. 

Van den Brenk, H. A. S. (1956): Personal communication. 

Waller, A. (1846): Phil. Mag. (3rd Series), 29, p. 27]. 








